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ABSTRACT 
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SCIENCE, TECHNOLOGY AJ3D TRADED F-PATTCH 



Four-Year Pro gram e 



The jcience. Technology and Trades branch offers a number of day courses 
covering a Four-Year Programme of education leading to a Gecondary School Grad- 
uation Diploma. 

In addition to the study of basic academic subjects, the Four-Year Programme 
in this Pranch offers specialized instruction in Technical Subjects. These courses 
are designed for pupils who have special interests and aptitudes in the technical 
or practical fields of business and industry and who expect on graduation to enter 
employment in the type of work for which these studies have direct practical value. 

During the first two years instruction in Technical subjects is exploratory 
in nature and the pupils spend some time studying all or most of the Technical sub- 
jects available in a particular school. This provides an opportunity to ascertain 
the special aptitudes, capacities and interests of the pupil. 

Unless provided for under the Guidance Programme of the school, definite 
information with respect to the opportunities and requirements of the various 
occupations should be made available to the pupils by the teachers of Technical 
Subjects. The pupil is thus assisted in making an intelligent selection of a 
Technical Subject in which to major or specialize in Grades 11 and 12 preparatory 
to admission to a trade or industry. 

The courses in Technical Subjects are designed to encourage logical 
thinking, to develop an appreciation of good design and the principles involved, 
to instill good work habit:! and tc give training in the basic skills and 
technology associated with the type of work the pupil expects to enter upon 
graduation from a secondary 3chool. 



Pupils enrolled in Grade 11 are required to elect a major Technical Subject 
in which to specialize. In Grades 1] and 12 pupil3 spend the major portion of the 
time allocated to Technical Subjects (See H.3. 1.) studying a major Technical Subject 
and the remainder on one or more related Technical Subjects. The functions of the 
related courses are to supplement the instruction in the major subject, and show the 
interrelationship of the different trades. 

One or more related Technical Subjects may be selected for Grade 11 and 
continued through Grade 12 or another subject or group of subjects selected for 
Grade 12, The related courses studied will depend on the major courses offered, 
the varying demands of industry and the capacity of the school organization to 
meet the needs of individual pupils. 

Details of the courses in related subjects are set out on pages 157 to 176. 
The major and typical related Technical Subjects should be chosen from this list. 
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Major Technical Subjects; 



Aircraft Mechanics 

Air Conditioning and Refrigeration 
Applied Electricity 

Applied Electronics 
Auto rody Repair 
Auto .Mechanics 



Drafting, Architectural 

Drafting. Electrical 
Drafting, Mechanical 

Foundry iVactice 
Graphic Arts 
Industrial Chemistry 
Industrial Ihysics 

Machine Shop Practice 

Power Plant Operating 

Plumbing 

Sheet Metal iractice 



Voiding 

Woodworking- Building Construction 

Woodwork ing-Cabinetnaking and 
Mi 11 work 

Woodworking- Pattern and Casting 
Flo cesses 



Typical Related Technical 
Subjects 

Drafting, Machine Shop, Electricity, 
Welding 

Drafting, Sheet Metal, Electricity 
Drafting, Electronics, Machine Shop, 
Carpentry 

Drafting, Electricity, Machine Shop 
Welding, Auto Mechanics, Machine Shop 
Electricity, Commercial Work, Machine 
Shop, Welding, Small Engines, Auto 
Body Repair 

Building Construction, Sheet Metal, 
Plumbing 

Electricity, Electronics 
Machine Shor, , Pattern Making, Welding 
Electric! ty 

Fattem Making, Machine Shop, Drafting 
Commercial Art, Ihotography, Drafting 
Drafting, Electricity 
Air Conditioning and Refrigeration 
Drafting, Electronics, Machine Shop 
Drafting. Welding, Pattern Making, 

Auto Mechanics, Electricity 
Drafting, Auto Mechanics, Electricity, 
Diesel Mechanics 

Building Construction, Welding, Sheet 
Metal. Drafting 

Drafting, Welding, Machine Shop, 
Plumbing, Air Conditioning and 
Refrigeration 

Drafting, Machine Shop, Electricity 
Architectural Drafting, Sheet Metal, 
Electricity 

Drafting, Sheet Metal, Electricity 



Drafting, Machine Shop 



liipils in Grades 11 and 12 may elect a business option in lieu of a 
related Technical Subject. The usual arrangement is: Grade 11, Typewriting; 

Grade 12, Record Keeping and Bookkeeping (See RP-31). 

Those who obtain a Diploma in the Technical Course ruy enter a special one- 
year course in Technical Subjects, Business, Commercial Subjects, Home Economics or 
Vocational Art. 



SPECIAL TECHNICAL COURSE 

A special one-year Technical Course may be set up subject to the approval 
of the Minister, (Seo H.S.l.) 
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MAJOR TECHNICS SUBJECTS 



S uggestions R egard! ng Tec hnical C ourses 

The division of time between academic and technical subjects is set out in 
Circular H.S.l. The courses in the Technical Subjects contained herein are quite 
extensive and it may be necessary to modify the courses to suit the time available. 

The course outlines for the Technical Subjects in vocational schools as 
provided herein are not necessarily arranged in order of presentation. In schools 
where it may be desirable to teach courses other than those outlined such courses 
of study should be submitted for the approval of the Minister before they are 
adopted. In organizing time-tables, the semester plan or the rotary plan is sug- 
gested in order to reduce the number of subjects carried concurrently by pupils. 

The project is the usual basis for the presentation of technical instruction. 
Projects to cover the topics of the course should be selected with a view to the 
interests and abilities of the pupils and should offer sufficient variety, .tipils 
should be encouraged to choose from several suitable projects or to make modifica- 
tions to the class project. The well-directed use by the pupils of carefully 
planned shop libraries, illustrative materials, trade magazines and other instruc- 
tional aids will promote the close co-ordination of intelligent study with the 
development of recognised standards of performance in trade operations. 

In planning and presenting instruction, teachers should take into account 
previous training and experience which pupils have had, whether in school or else- 
where. 



From these courses the teacher should make a detailed organization of the 
work for each class. Wherever possible problems should be introduced which require 
numerical calculations. Frequent and systematic appraisal of the pupil’s work 
should be made, giving credit for achievement in practical work, tests and examin- 
ations, home-work, assignments, note-book records and, if desired, general adapt- 
ability to the instruction. 

Pupils majoring in a Technical Subject must take related Technical Subjects. 
To conserve shop time for technical work the science, mathematics and drafting 
related to the various Technical Subjects should be taken in the respective depart- 
ments. 



REPORT WRITING 

Writing reports should be part of the work in Technical Subjects. Reports 
should be written on all experimental work and be well prepared with the ideas 
clearly expressed. 

In the year 3 of Crades 11 and 12 students in the Technical Course should 
refer to technical articles in trade journals and other publications and write a 
report on a suitable topic. This gives the pupil practice in clarity of expression, 
training in the analysis of information and experience in the use of reference 
materials. 
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PLANT TOURS 

Students should be made familiar with new processes and new techniques, 
therefore, well-arranged plant tours are effective in an educational programme. 
Plant visits should be for a specific purpose, timed suitably for the work in 
progress at school and rot for a general overall look. Before going on a plant 
tour the pupils should be briefed on its purpose and phase of the work to be 
studied. An assignment following the plant tours checks the learning that took 
place, gives the pupils practice in describing a technical process or operation 
and trains them in careful observation. 



SAFETY 

Dangerous conditions affecting the health and safety of pupils must be 
avoided. Exhaust gases from running engines and fumes from spray guns and heat- 
treating processes must be effectively discharged. All machines must be properly 
guarded; safety instruction should be given in every shop where hazards exist 
and a first-aid cabinet must be readily accessible. A clean and well-appointed 
shop, with equipment maintained in first-class operating condition is an important 
factor in the prevention of accidents. 
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AIRCRAFT 

Four-Year Programme Grades 10, 11 and 12 
Grade 10 



Airframes 



Parts and Materials 

Names, function, materials used, and location of the main parts of 
fuselage, wing and tail assemblies; construction, function and 
operation of main control surfaces; lights, their location and 
use - 

General 

Discussion of various types of aircraft such as airplanes, heli- 
copters, autogiros, Vertical Take-off and Landing Aircraft (V.TtO.L.'s) 
and Short Take-off and Landing Aircraft (S*T.0#L. 1 s ) , classification of 
airplanes by wing shapes and location; demonstration of airfoils to show 
lift; airport characteristics and procedures 
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AIRCRAFT 
Grade 10 

Aero Engines 

This study is confined to four-cylinder opposed type engines* 

Safely 

Shop organization and safe practices 

Parts 

Investigation to obtain knowledge of the location, function and 
materials used in the following: overhead valve mechanijms, pistons, 

piston rings, connecting rods, crankshaft, bearings, cylinder and cylinder 
head assemblies 
Fuel System 

Carburetion: pjrpose and function of a simple carburetor; tracing 

a fuel system including tank, pump, filter, shut-off valve, selector valve 
and carburetor 
Lubrication System 

Tracing the lubrication system of a four-cylinder opposed type 
engine, operation of the gear type oil pump and oil filters 
Cooling System 

Operation of an air cooling system, the use of fins, baffles and 
cowlings 
Gcnpral 

The operation of two-and four-stroke cycle internal combustion engines 
and an introduction to the operation of gas-turbine engines; classification 
of internal combustion engines; identification and use of tools, threads and 
fastenings; removal and replacement of cylinder and piston assemblies, piston 
rings, valves and studs; hand valve re-conditioning, valve clearance adjust- 
ment, locking fastenings, cutting gaskets* Starting and running adjustments 

O 

several small engines and a six-cylinder automotive engine, safety pre- 

0 
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AIRCRAFT 

Trade 11 

A irframes 

: afety 

3afe practices in the following: the handling of propellers; 

clinging, hoisting and jacking aircraft. The use of eye shields, goggles, 
and fire extinguishers 
[arts and Materials 

ft detailed study o i the construction features and the materials used 
in: wings, wing spars, vring ribs, wheels, vh*ol bearings, cables, 

turnbuckles, cleais pins, bolts and other fastenings. A.N. M amber 
system 

A brief survey of aircraft woods, plywood . glues, wood protectives; 
airplane dope and its function, specifica ,ions of fabrics, fabric 
stitching, fabric surface tape and reinforcing tape, types of seams, 
use of grommets and zippers, classification of metals anu heat 
treatment, 
i perations 

locking of airframe parts, wrapping splices,, tieing rope knots, re- 
moving and assembling wheel units, tube repair, covering a small frame with 
fabric, applying dope with a brush, rubbing down the doped surface to finish. 
Tuck splicing, mechanical swaging, use of cable champs, rope splicing; 
assembling and alignment of wheel, float, and ski undercarriages: flying 
cntrol inspection and adjustment, preparation of a structure for fabric 
covering, repair of fabric, shock cord whipping, metal protection, dis- 
mantling and assembling a complete tail unit, clocking tail-plane rigging. 

© Lrcraft shoo routines snd organization 
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General 

A study of the stresses to which aircraft parts are subjected; ul- 
timate tensile strength, ductility and other metallurgical terms; fire 
prevention and ventilation; operation of a dope-room; use of thinners, and 
rejuvenatoi s; bonding 

AIRCRAFT 
Grade 11 



Aero Engines 

A radial engine of medium horsepower is required f ^ instruction. 
Sa fety 

Safety precautions should be stressed 



Parts 

A detailed study of: crankshafts, connecting rods, pi^ons, piston 

rings, valves, valve operating mechanisms, cylinders, cylinder heads 
and crankcases 
Fuel System 

Detailed inspection of gravity and pressure fuel system, fuel line 
identification. Construction and use of: fuel tanks (rigid and rubber), 

filter units, selector and shut-off valves, gauges, primers and fuel pumps. 
lAibrlcation System 

A detailed study of the radial engine dry sump lubrication system* 
Construction and operation of: oil pumps, oil coolers, filters, pressure and 

temperature valves and oil tanks; dismantling for inspection; procedure and 
purpose of oil changing 
Cooling System 

Liquid cooling Construction and operation of: radiators, themostats, 

pumps and cooling jackets. Use of anti-freeae; application and in- 



stallation of hose and hose clamps 
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Air cooling Detailed study of: fins, baffles, ducts, cowlings, cowl 

vents and airflow 

Gas Turbine tin^ines 

Theory of jet propulsion, basic operation of centrifugal and axial 
flow jets, classification of gas turbine, jet and rocket engines 

General 

Decarbonizing and cleaning: cylinder heads, pistons, valves And valve 

guides. Detailed study of: fastenings, bolts, nuts, cap screws, studs 

and set screws; the removal of broken studs; the use of step studs and 
helicoil threads; parts inspection, measuring cylinders for out-of- 
round and taper, checking piston pins and piston rings for wear, 
commercial methods of crack detection ( "magnaf lux 11 and "zyglo"), heat 
treatment and forming metal; practice in the use of reamers, bunas, 
taps and dies; scratch removal and the treatment of scores, machine 
valve re-conditioning, fitting piston rings; engine firing orders, power 
impulses, valve lead, lag and overlap, valve timing diagram, camlift and 
dwell; valve timing on the engine; types and use of fire extinguishers; 
starting and running a four cylinder aircraft engine, safe operating 
practices 
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AIRCRAFT 
Grade 11 

Electricity 

Simple explanation of electrons , protons and structure of atoms; 
experimental study of circuits, conductors, resistors and insulators; meaning 
of voltage, current and resistance; Ohm’s law; use of voltmeter and ammeter; 
magnetism; magnetic field about a current carrying conductor and helix; electro- 
magnetisw 

Battery Ignition Systems 

Construction and function of; breaker points, condensers, H*T, coils 
and distributors; installation and adjustment of breaker points; ignition 
timing, trouble shooting the system 
Spark Plugs 

Types, construction, servicing, removal and installation 
Storage Batteries 

Construction, operation, testing, charging, installing and handling 
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AIRCRAFT 
Grade II 

Aircraft Theory 

General 

A study of aircraft terminology: types of aircraft, parts, general 

and flying terms 
Experiments 

To show the following: the function of flying controls, pressure 

change in a venturi tube and about a wing shape, variation of lift 'with angle 
of attack and velocity of airflow, change of drag with angle of attack and 
velocity of airflow, movement of centre of pressure, effect of flaps and slots 
on lift and stalling characteristics of a wing, comparing the drag of various 
shaped objects and observing the airflow about them 
Problems 

Solving simple navigation problems involving air speed, ground speed, 
wind, variation and deviation; wing loading, power loading and aspect ratio 
Air Regulations 

Scope of the Aeronautics Act, rules for air traffic, aircraft markings 
and lights, breach of air regulations; aircraft. ..ngine, and propeller log 
books, personnel 

^gineerin^ Handbook of the Department of Transport 

A selection of items covered to familiarize student* with the scope 
of this manual and a discussion of the origin of and need fc; several of the 
directives 
General 

A detailed study of the following: stability; lateral, longitudinal 

and directional stability; balancing controls by horn, inset hinge and balance 

O 

CD ir" method; Frise and differential ailerons, ad justable stabilizers, trim tabs 
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AIRCRAFT 
Grade 11 



Instruments 

A detailed study of the construction, operation and use to the 
pilot of each of the following instruments: air speed, vertical speed, 

altimeter, compass, directional gyro, artificial horizon, turn and bank 
manifold pressure, Bourdon tube types, centrifugal and electrical t'icho 
meters, and fuel gaures 

Testing of the above using dead weight testers and test bench; 
instrument, panel servicing; deviation, variation and swinging a compass 
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AIRCRAFT 
Tirade 11 

Sheet Metal 

Metals uied in aircraft and their location in aircraft structures, 

A detailed study of aluminum and its alloys: the ca~e and handling of 
aluminum sheet stock; identification and marking of steel and aluminum alloys^ 
the use and care of templates; head markings and colour cede for rivet 
identification; storage, handling and heat treatment of rivets; specialized 
rivets and their use# Buffing wheels, compounds, abrasives; burnishing and 
surface preparation} methods used in metal finishing 
Operations 

laying out from blueprints and working from templates; cutting and 
drilling flat stock and the use of metal holders# Operation and care of: 
pneumatic drills, rivet hammers, rivet squeezers and cherry rivet guns. 

Using bending blocks, bumping forms, dies and sand bags. Counter-sinking, 
dimpling, stretching and shrinking metal using hand tools. Identifying 
and removing defective rivets 
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AIRCRAFT 

Orade_J 1 2 

Airframes 

Safety 

Safety precautions should be stressed 
Parts and Materials 

A detailed study of the construction of landing gears, fuselages, 
propellers, propeller governors and constant speed control units 
Overhaul and Testing 

A study of and practical work on the overhaul and testing of the 
following hydraulic units: flap and undercarriage actuators, relief 

and selector valves, hand pumps, engine-driven pumps* oleo legs, 
accumulators, pressure-control valves, master brake cylinders, wheel 
cylinders, constant speed propeller controls, controllable pitch 
propellers, hydraulic brake units, and multi-disc brake assemblies 
Servicing and Adjusting 

A study of and practical work on the servicing and adjusting of the 
following: hydraulic and mechanical brakes, retractable under- 

carriages, controllable pitch propellers, propeller control units, 
trimming tabs, balance tabs and flaps. An airplane to rigging 
position for checking fuselage alignment, tail-plane alignment, 
dihedral and angle of incidence of the wings. Inspection after a 
hard landing 

General 

The use and maintenance of paint spraying equipment, principles of 
hydraulics, airplane slinging, dismantling and assembling wings, repair 
ing steel tubing, protection of metals, fabrication of hydrsulic tubing 
The selection and application of tube fittings; weight and balance; 
flying faults and their correction; ground handling of aircraft on 
wheels, floats and skis; types and servicing of de-icing equipment 
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AIRCRAFT 
Grade 12 

Aero Engines 

Instruction to be given on: (a) Radial and opposed reciprocating 

engines, (b) Centrifugal and axial flow turbine engines 
Parts 

Investigation to obtain knowledge of the location, function and 
materials used in the following: supercharger drive assemblies, 

impellers and Iffusers, reduction gear units, carburetors 
(standard and injection), induction and exhaust components. 

Turbo-jet engine: compressors, diffusers, combustion chambers, 

turbine units, burners, fuel pumps and fuel control units 
Fuel System and Car uiretion 

A detailed study of fuel requirements throughout the speed and power 
range of the engine* A comprehensive study of the carouretor including 
construction and operation of: float mechanisms; fuel discharge, line 

and idling jets; accelerating, economizer, altitude and idle cut off 
systems*, ice fornation, heat application, detonation and water in- 
jection. A study of fuel injection and fuel injection carburetors. 
Supercharging: investigation and study of single and two -stage 

superchargers, induction air cooling and turbo superchargers. Procuring, 
refining and testing gasoline; aero engine fuel requirements 
Lubrication 

Refining and manufacture of lubricants, review of types of oils and 
greases, engine requirements, the preparation of the lubrication 
system for cold weather operation; oil dilution - purpose and procedure 
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General 

Piston engine power ratings, indicated and brake horsepower, calcula- 
ting engine power, use of indicator diagram; slinging, handling, 
storing and installing engines and the safety measures to employ; 
daily and periodic engine inspection; trouble shooting including the 
use of compression gauges, vacuum gauges and exhaust gas analysers; 
reduction gearing, types and application; piston engines accessory 
identification; engine exhaust systems, engine controls; exhaust and 
combustion type aircraft heaters, cold weather operation, engine 
heating 
Jet Propulsion 

History of jet propulsion, review principle of propulsion and engine 
classification, engine types in detail, performance comparison of 
turbine and piston engines; engine air pressure, velocity and temper- 
ature; detailed study of engine components including compressors, 
burners, combustion chambers, turbines, nozzles and rear units; 
thrust reversing, silencing and afterburning; fuel and fuel control; 
jet engine lubrication; types of starters, starting and running 
procedures; engine performance, effect of water injection and water- 
methanol injection 
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AIRCRAF T 
Grade 12 

Aerodynamics 

Theory; 

Definitions and examples of terms and quantities necessary for the 
study of aerodynamics: aeronautics, mechanics, dynamics, fluids, motion, 

Newton 1 3 three laws, equilibrium, inertia, weight, mass, force, momentum, 
s reed, velocity, acceleration; equations of motion and their derivation, 

•ico o'.: oration due to gravity, terminal velocity, slug (a unit of mass), 
cuntrvr dal and centrifugal force, work, energy, potential energy, kinetic 
energy, power, horsepower 

The atmosphere: pressure - units and conversions; temperature - units 

and conversions; tropopause, troposphere, stratosphere, International Standard 
Atmosphere, absolute temperature (Kelvin), Foyle’s law, Charles* law, density 
calcul ations 

Resistance to airflow, form drag, skin friction, Bernoulli’s Theorem, 
Krell gauge; wind tunnel types - open jet, closed jet, open return, closed 
return; wind tunnel balance, lift and drag formulae; airfoil characteristic 
curves - lift and drag coefficient, lift-drag ratio, centre of pressure; 
s tailing angle, angle of incidence and loading 
Practical 

{"roblems dealing with above terms 

Wind tunnel experiments on airfoil models with plotting of character- 
istic curves 
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AIRCRAFT 
Grade 12 

Electricity 

Magnetos 

Construction and principle of operation of rotating armature, 
rotating magnet, polar inductor and impulse agnetos. Dismantling and 
assembling the former. Adjusting breaker points, internally timing, 
operating and timing to an engine 
General 

Trouble shooting ignition systems, use of ignition analyzers and 
harness testers, construction of shielded and unshielded ignition harness 
assemblies. Types of circuits used in lighting, precautions necessary in 
wiring aircraft. Purpose, location and operation of relays; application of 
motor-generator units to generate A.C. of various frequencies. Construction, 
operation and demonstration of alternators and jet ignition systems 
Starters and Generators 

Construction, operation and comparison of starter and generator 
circuits. The dismantling, overhauling, assembling and testing of these 
machines; construction, operation, function and adjustment of generator 
controls of the vibrating and carbon pile -ypes 
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AIRCRAFT 
Grad e 12 

Sheet Metal 

Heat treatment of aluminum alloy sheets ard rivets, types of ovens 
and baths used and their heat control, heat treating processes, calculation 
of bend allowance, fabrication of metal parts such as spars and ribs, the 
forming of stringers and air scoops by means of hind and power presses, 
causes of corrosion, reaction between dissimilar metals; surface protection, 
cover fastenings arid their installation; repairing skin, i'loats-and cowlings 
Operation and care of metal band saws, nibblors, electric shears; form blocks 
and dies 
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AIRCRA FT 
Grade 12 



Weldi ng 



General . 

A study of the gases used; safety measures; construction, C3re and 
operation of '-/elding apparatus; flame characteristics; selection of proper 
welding rod; fluxes used for welding cast iron and bronze; construction and 
operation of cutting torch 

Operations 

The preparation of steel for a variety of joints; practice in welding 
butt and lap joints; fillet welding; manipulation of blow pipe and rod; 
forward and backward ripple welds on steel; simple tests for fusion, pene- 
tration and bead; welding cast iron; welding a cluster tube joint* Practice 
in the freehand use of cutting torch to layout 
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AIR CONDITIONING AND REFRIGERATION 
Four-Year Programme Grades 9, 10, 11 and 12 
Grade 9 



SAFETY: Safe practices in the use of tools and equipment should be stressed and 

observed at all times. 

1 . Domestic Heating 

^a) History of domestic heating 

(b) Domestic heating systems 

2. S pace Heaters 
Operating principles 

3 . Forced Air Heating 

(a) Types of forced air furnaces and application of each type 

(b) Basic components of a forced air furnace and their functions 

(c) Forced air distribution systems - graduated trunk and perimeter; zoning 

(d) Paels: coal, gas, oil, electricity 

k* Hydronic Heatin g 

(a) History of hot water and steam heating 

(b) Comparison of hot water gravity system, forcec hot water and steam heating 
systems 

(c) The basic components and operating principles of a gravity hot water 
system, a forced hot water system and a steam heating system 

(d) Zoning in a forced hydronic system 
5* Heat Loss 

Heat and indoor comfort; how heat travels - conduction, convection and radiation; 
how ' room loses heat 

6. Heat Loss Calculations 

Thermal resistance, the U factor of walls, ceiling, window glass, doors and floor. 
Calculating the heat 3oss of a room and selecting the proper size of heating unit 

7 . He at Gain 

Gurvey of heat sources; room orientation; construction of walls, roof, ceiling, 
floor and >rindows; shading; exhaust and vents; occupants and utilities 

ERIC 
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8 • Calculation of Heat, F air 

The U factor of walls, roof, windows and doors. The heat gain of a room and 
the selection of a suitable cooling unit 

9 . R efrigeration Fundamentals 

Application of refrigeration in the home and industry; how heat is transferred 
in solids, liquids and gases; the B,T K U #> specific heat, specific .’/at tables; 
the difference between E,T,U,*s and temperature; the meaning of sensible heat; 
determining the amount of heat involved in a given temperature change 

10, Changes in State of matte r 

(a) Vapour: definition, meaning of saturated vapour and superheated vapour 

(b) Pressure: definition, meaning of absolute pressure, gauge pressure and 

vacuum 

(c) Comparison of condensation and evaporation; use of tables to calculate the 
V.T/J.’s involved in evaporation and condensation 

11 , fhe Refrigeration Cycle 

The refrigeration system - parts and their purpose; the pressure cycle, the 
temperature cycle, the heai cycle, the liquid-vapour cycle; the purpose and 
results of evaporation in the refrigeration cycle, Fahrenheit, Celsius 
and vbsolut c temperatui'e scales; pressure - temperature relationship. The 
standard ton rating 

12, Working with Copper Tubing 

(a) Safety: safe procedures in the use of hand and power tools 

(b) Location of holes for tubing in relation to the building structure 

(c) Cutting, Reaming and Flaring: cutting, reaming and flaring tools; reaming 

and flaring hard and soft tubing; safety precautions; flare fittings 

(d) Swaging: application; sizes and types of swaging tools; direction of flow 

through swaged joints 

(e) Pinching-off Tubing: types of pinch-off tools; technique of pinching off 

and sealing tubing; re-sizing tubing 

(f) Bending: types of benders and precautions for their use, application, 

location of bends 

(g) Soldering: preparation; soldering fluxes; soft soldered joints; silver 

soldering and brazing; silver soldering .using dry nitrogen 

(h) Refacing flare fittings; refinishing 

o 
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Grade 10 



Air Heating Eouim^nt 

SAFETY: Safe practices in the use of tools and such equipment as acetylene 

cylinders, refrigerant cylinders and gauges should be stressed and 
periodically reviewed. 

1. Space Heaters 

(a) A study of the types and models 

(b) Oil burning: vaporizing pot type, components and their functions 

(c) Gas burning; models for natural and manufactured gas, vented and unvented; 
safety controls 

2. Forced Air Furnaces 

The purpose, design features and construction of jombustion chambers, heat 
exchangers, fans, filters (mechanical and electrostatic) , registers, grilles, 
humidifiers and humistat3 for oil burning, 0 as burning and electric resistance, 
forced air furnaces 



3 . Hydro nic Heating 

(a) The meaning of loss of head and available head 

(b) Boilers: pressures, ratings, size, B.T.U. output in relation to horse- 

power; construction features; fuels used; basic components and their 
purposes; combustion and boiler efficiency 

(c) Line sizing: the resistance to flow of pipes and fittings; determining 

the size of lines and fittings 

(d) Pumps, valves and traps: types, sizes, ratings and application 

(e) Controls: operating principles of the basic controls for gas and oil 

fired boilers; the cycle of operations for a boiler 

(f) Radiant heating: ceiling and floor, installations; the design of a typical 

radiant heated home or building; the size and spacing of tubing; balancing 
cocks and air vent 3 

(g) Practical work: cutting aiti soldering copper pipe; types and installation 

of pipe fittings; tube and pipe bending; cutting and threading steel pipe; 
brazing 



Air Conditioning 



1* Heat and Heat Loss 




(a) Humidity: the effect and control of moisture; relative humidity, dew point, 

wet and dry bulb temperature, vapour barrier; humidd.fi cat ion 

(b) Thermal conductance and thermal resistance for typical home consti-uction 
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2. Heat Loss Calculations 

(a) iypical floor plan and use of charts to determine the U valuta 

(b) Meaning of such terms as temperature, B,T.U., heat flow, heat transmission 
factor and heat loss multiplier 

(c) Calculation of the total heat loss for a small house by an approved method 
3 • Heat Cain 



Meaning and terminology; heat and heat gain - sensible heat, latent heat, external 
and internal sources of heat; factors affecting heat gain - humidity, ventilation, 
shading and solar shielding; heat transmission - building construction and compass 
direction 



4* Calculation o f Heat Pain 

(a) Typical floor plans and use of charts 

(b) Determination of the total B»T.U,H* gain 

(c) Celection of suitable cooling equipment for the structure 

Refrigeration 

SAFETY: Safe practices in the storing and handling of refrigerants should be 

emphasized and reviewed from time to time, 

1. Handling Refrigerant s 

Refrigerant cylinders: colour coding of cylinders, types; proper storage and 

handling; safety devices and shipping regulations; storing refrigerants; safety 
precautions 

2. Refrigerants and their Characteristics 

Purpose and properties of a refrigerant; refrigerant tables; common refrigerants - 
water, ammonia, Rll, R12, R22 and R114, R500 and other refrigerants; common and 
chemical names and formulae; symbols; reaction of refrigerants with moisture 

3 • Leaks in a Refrigeration System 

Chemical reaction of a refrigerant with flame and the precautions to be observed 
when a refrigerant comes in contact with flame; method of testing for refrigerant 
leaks and the equipment used 

4 , Installing and Reading Gauges 

Types of gauges and the application of each type; types of thermometers, their 
purpose and use; proper use of electrical test instruments 

5, Adding Refrigerant to a System 



O afety precaution!! ; reaeon for and method of adding refrigerant; when refrigerant 
ERIC . added in vapour and liquid forms; reason for and method of purging air from 

he system 

27 . 
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6. Low and High Side Float Systems 

Construction features and principles of operation; technique of testing for 
proper operation; capillary lines 

7« Ects ture and Oil Accumulation 

Effects of moisture and oil accumulation; effects of desiccants and dryers and 
their application; selection of suitable desiccants and dryers 

C. Servicing the Unit 

The effect of refrigerant shortage and the technique of testing fcr proper 
charge; checking for acid damage to needle valves and float bulbs; checking 
voltage, current and power of the motor; dismantling, cleaning, checking and 
re-asserabling the unit 



Grade 11 

SAFETY: lYoper safety precautions in the handling of refrigerants, welding and 

power equipment should be emphasized and observed, 

1, Heating Control Equipment 

The purpose, design features, construction, installation and application of the 
thermostat, protectorelay ignition transformer, delayed action oil valve, baro- 
metric draft controls, pilot generator, series gas valves and equivalent controls 

2, Heating Control 

Factors necessitating zone control; effects of zoning on equipment size; controls 
for zone heating (automatic modulating dampers) fuel and power savings; the lower- 
ing of the thermostat at night for fuel savings 



B oilers 



1 . 




Types of Boilers 

(a) Classification according to design and fuels burned 

(b) Comparison of steel and cast iron boilers, rating of boilers 

(c) Design features, heat transfer and types of heating surfaces 
Boiler Operation 

(a) Water level; water supply and water treatment; purpose, size and location 
of expansion tank 

(b) Operating pressure, controls and safe ly equipment 

(c) Efficiency; testing for carbon dioxide 

(d) Inspection and cooes 

(e) Boiler troubles - water, vacuum, venting 






23 



- 28 - 



1 . 



Air Conditionin g 

The, Design of a .Var:" /dr Heating System for a Gmail House - Perimeter 3yst em 

(a) Use of the equal friction ncthod 

(b) Jelection of the type of h eating equipment 

(c) Determination of the location and si 2 e of the supply outlets, the return 
inlets and the ducts 

(d) Calculating total C«F*M, requirements 

(e) Layout of the heating plan using standard symbols and with detailed 
specifications 



2 ^ T he Design of a Cummer Cooling System for a Gmail House 

(a) Types of systems: loop, radial and extended plenum perimeter, overhead 

trunk and radial 

(b) Determining the locations and size of the supply outlets, branch inlets 
and the ducts; the use of the supply duct table 

(c) Calculating the total C.F*K« requirements, duct charts and their application 

(d) Layout of the cooling plan using standard symbols with detailed specifica- 
tions 



Refrigeration 



1, Evaporators 



The purpose, principle and requirements of an evaporator; types of evaporators; 
circulation in evaporators; oil return, oil traps, accumulators; velocity of 
vapour through evaporator 

2. Reciprocating, Rotary and Centrifugal Compressors 

Purpose, principles and operating pressures; size of units and horsepower required; 
lubrication and servicing 

3 . Servicing Compressors 

The use of exploded and cut-away views to show parts and construction details; 
removal of compressor from condensing unit, safety precautions to observe when 
lifting; removing and replacing flywheel, compressor head and valve plate; types 
and puri*>3e of seals; removing and replacing seals; disassembling, lubricating 
and re-assembling reciprocating, rotary and centrifugal compressors; marking 
macing parts; making gaskets; connecting compressor to condensing unit and test- 
ing for satisfactory operation 

4. Hermetic and 3emi-hermetic Units 



The development of henr.etic units; types of compressors used; types of metering 
Q 'ces; vapour cooling; effect of moisture 5n sealed units; servicing sealed 
FRIf 3 * folay9 and capacitors required for starting sealed units 
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5# Refrigeration Controls and Control Valves 

The principle, construction, installation, application and servicing or 
replacing of low pressure controls, temperature controls, high pressure cut- 
outs, solenoid valves, constant pressure valve3, water regulating valves 
and pressure relief valves 

6. Fuel Oils 

(a) Commercial methods of classifying fuel oils 

(b) Specific gravity, flash point, viscosity, pour point, end point, R.T.U. 
rating 

(c) The relationship between these qualities and combustion 

7. Combustion 

(a) The chemistry and physics of combustion (basic principles) 

(b) The flame: its structure, size and colour 

(c) Products of combustion - testing for carbon dioxide 

(d) Incomplete combustion and its effects on operating efficiency 

(e) Heat: physical and chemical explanation 

(f) Measurement of heat and temperature - B«T.U # f s and degrees 
6. Oil Burners 

(a) Gun Type: design features and characteristics of high and low pressure 

types 

(b) Rotary Burners: vertical and horizontal types, design features and 

characteristics of each 

(c) Vaporizing or Pot Type Burner: design features and characteristics 

(d) Design features of pumps, pressure regulating valves, nozzles, fans, air 
control devices, ignition system, and combustion chambers 

9. Burner Servic?. 

High Pressure Gun Type: service problems, servicing single and two stage 

pumps, ignition and combustion problems 

low Pressure Gun Type: service problems 

Rotary Burner Service: typical problems and their solution 

Vaporizing Burner Service: service problems 



(a) 



(b) 

(c) 

(d) 



o 

ERIC 
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Grade 12 



JARaVY: The care and proper use of tools, refrigeration equipment and test 

equipment should be stressed. Proper precautions should be observed 
in the handling and servicing of refrigeration equipment. 

3 . Air Movement Test i ng Procedure 

Measuring air pressure in ducts; the relation of static pressure and velocity; 
the use of dampers in branch ducts; types of centrifugal fans used in air 
conditioning 

Air Conditioning 

1 . Commercial Heat Loss Calculation 

Difference between domestic and commercial heat loss calculation; determination 
of the design temperature difference; the type of construction and exposure; 
calculation of the B.T.U. loss per hour for the building considering all the 
factors - include ventilation loss, occupancy load and appliances; determining 
the total heat loss of the building 

2. Commercial Air Conditioning 

(a) Making a survey of all the factors affecting the cooling problem e.g*, 
types of construction, exposure, appliance and occupancy load, space to 
be cooled, window and door areas and outside air for ventilation 

(b) Application and use of psychrometric and comfort charts 

(c) Calculation of the cooling load considering all the factors involved 

(d) Selection of the size of equipment and ducts necessary to give the 
required cooling 

3. Mater and Air Cooled Condensers 

Purpose of condensers; water supply, water conservation, types of cooling 
towers; special features and operating principles of double pipe, evaporative 
and air cooled condensers 

U, Liquid Receivers 

The purpose, application, types, construction, safety devices, piping and 
servicing of liquid receivers 

5* Pursers 

The purpose, types, construction, application and servicing of purgers 

6. DefrostinR Evaporators 

The purpose, principles and application of simple defrost, automatic electric 
defrosting, hot gas defrosting and water spray defrosting systems 

7, Refrigerated Enclosures 

Types, purpose and importance of insulation and vapour barriers; methods of 
O constructing refrigerated enclosures - heat calculations 



- 31 - 



£. Compressor Calculations 

(Jse of refrigerant tables; calculating compressor size and horsepower; effect 
of pressures and temperatures; standard ton condition 

9 . Ultra Low Temperature Systems 

The design features, operating principle and method of applying the two stage 
and cascade systems 

10. Calculating Size of Refrigerant Lines 

Allowable velocities and pressure drops in pipes; effect of pressure drops \ 
sizing pipes by velocity and by pressure drop; effect of changing conditions 
of flow 

11. Brine in Refrigerat ion 

Meaning of indirect system, brine chemistry, the eutectic point, corrosive 
properties of calcium chloride and sodium chloride, determination of the *h 
value 

12. Multiple and Complete 3y steins 

Principle and application of ice cube makers, and "flake ice' 1 makers 
13 • Absorption 3ys terns 

The principle and application of household (domestic) and industrial absorption 
systems. The operating cycle of the industrial ammonia absorption system and 
the principle of operation of the lithium Bromide System 

14. Heat Pumps or Reverse Cycle Systems 

The purpose, theory cf operation and performance of heat pumps; sources of 
heat; B.T.U. capacity; calculating the size of lines; types of control and 
reverse valves; auxiliary heating 

15. Recent developments in air conditioning and refrigeration 



Pans 



1* Axial Flow a nd Propeller Type Fans 

Types, uses., nomenclature of various models, characteristics, comparison of 
axial flow and propeller type fans; testing 

2. Centrifugal Fans 

The three classifications, forward, straight or radial and backward curved 
blades, characteristics of each, performance curves, comparison of the 
performance of each type 



3. Fan Law s 




Relationship between: volume and speed, pressure and speed; power require- 

ments, brake horsepower; total pressure, static pressure, velocity pressure 
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4* blowing Versus dxhaiistiny 

Comparison between blowing and exhausting in low and high pressure systems 

5. oervicinc Oil burner i arts 

(a) Kunp problems and their solution; use of pressure and vacuum gauges; 
replacing defective parts 

(b) Servicing pressure regulating valves of various types; use of a trouble 
chart; adjustments 

(c) Hozzle problems 

(d) .Hr delivery problems 

6 , Servicing Comple t e Oil Burner Systems 

Locating and diagnosing service problems in completely installed and operating 
systems 

Testing Combustion Efficiency 

A study of the purpose and use of a stack thermometer, a draft gauge, carbon 
dioxide testing equipment; analysis of flue gases 

Gas Furnaces 

1. Combustion 

The chemistry and characteristics of natural, manufactured, butane and propane 
gases; the cost, storage and .availability of the above gases; air requirements 
fer combustion; the chemistry of combustion; flues: size, construction, con- 

densation problems 

2. Controls and Servic ing 

Control system voltages in common use; circuits and controls used; operating 
principles of controls; use of electrical instruments for malcing electrical 
tests and measurements; testing controls for trouble; making the necessary 
repairs or replacing the defective control 

3. Servicing Gas Furnaces 

Selecting the proper size of feed pipe and orifice /'or satisfactory operation; 
testing for carbon dioxide and adjusting primary ani secondary air; diagnosing 
and correcting common gas furnace troubles such as extinction noises, flash- 
back, resonance and flame floating 
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APPLIED ELECTRICITY 
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Four -Year Programme Grades 9, 10, 11 aiP 12 



Grade 9 



dAFETY: Safe practices and the recognition of electrical hazards should be 

emphasized and periodically reviewed. 

1. Circuits 

(a) Study and construct signal circuits observing the effects of aeries and 
parallel loads of lamps, bells and buzzers ; drawing schematic diagrams 
using standard symbols •use dry cells and a bell ringing ti*ansformer as 
voltage supplies; tracing and checking the wiring against the schematic 
diagram before operating 

(b) Locating and repairing circuit faults 

(c) Construction and application of lamp and appliance cords (2-3 wire) 

2. Electrical Connections 

(a) The construction of simple joints such as rat-tail, tee and western union 

(b) Soldering; preparation of the soldering iron; soldering fluxes; com- 
position of solder; soldering wire joints 

(c) Taping and weatherproofing 

(d) Solderless connectors 



3. Magnetism 

(a) The study of the properties of magnets and of lines of force using filings 
and compasses; magnetic and non-magnetic materials 

(b) The law of magnetic attraction and repulsion; a theory of magnetism 

(c) The earth as a magnet 

(d) Cormnon types of magnets and their uses 

(e) Methods of magnetizing and demagnetizing 

(f) Magnetic shielding 

A, Jfl.ectro-ma^netisrn (Hand rules are to be introduced as required) 



(a) Ecamination of the field of force about a single wire carrying a curre it 

(b) Making an olectro -magnet 



(c) 

o W 
ERJC (o) 



A study of the magnetic field of a coil and its polarity 
Applications of electro-n«agnetism 

The fitudy of the principle of operation and the repair of electric boll, 
buzzers, annunciators and allied equipment 
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5 • Conductors and Insulators 

An experimental study of a few common metals and non-metals as a basis for 

classification into conductors and insulators. Semi-conductors should be 

introduced 

6. Sources and Effects of Electricity 

(a) Basic methods of producing friction, thermal, chemical, electro- 

magnetic induction, photovoltaic and piezoelectric 

(b) Demonstrations and application of the above methods 

(c) Series and parallel cell connections 

(d) A study of the basic effects of electricity 

7. Electrical Unit s 

(a) An experimental study to provide a general understanding of electrical 
pressure, resistance and current and the relationship between them# 
Conventional flow and electron flow are to he presented 

(b) Meaning of electrical power and energy; units of measurement 

(c) The reading of a kilowatt-hour meter and the calculation of a simple 
energy bill 

8. Circuit Protection 



Construction, purpose, operation and rating of simple fuses (plug and cartridge 
types); an experiment to shovr the protective value of the fuse with application 
to the circuits in the home 



Grade 10 



A, Installation and Maintenance 

All electrical installations should conform to the requirements of the 
Hydro-fcllectric lower Con-mission of Ontario and the local Supply Authority, 

SAFETY: itress safe practices in the use of tools and equipment and for the 

prevention of electrical shock, 

1, Cilices and Joints 

Froper construction of joints used in lighting circuits, A further study of 
Bolderless connectors 



ateriala 



ERIC 



The study of the American wire gauge and wire table; the recognition of common 
O ires and cables according to size, insulation and use; the identification by 
^me, 3 ize and description of other trade materials within the scope of this 

a du r 30 or _ 

,i S 
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3 • Circ uits 

(a) Further study of signal systems to include the annunciator and the 

following systems: the apartment door lock, return call, burglar 

alarm and master control; simple telephone circuits 

(b) Typical circuits as used in an average-size residence; construction 
in non-metallic sheathed cable; architectural plans and symbols 

(c) The testing of circuits with a voltage tester and a voltmeter and the 
repair of circuit faults should be introduced as required 

(d) The construction and testing of simple electronic circuits such as a 
rectifier and a triode amplifier 

U, Circuit Protection 

The construction, purpose, operation and rating of circuit breakers and 
special fuses 

5 . Elementary Testing and Repair 

The testing of simple domestic electrical appliances and devices using a test 
lamp and an ohrnmeter; making minor repairs; checking for adequate insulation 
by means of a "megger” or equivalent testing instrument after the repair has 
been made and before returning the device to service 



B, Theory and Test 

Problems on the topics studied should be assigned in a systematic manner 
to clarify and drill the principles involved 

SAFETY: Good safety practices should be stressed* 



1* Electro-magnetism 

(a) Plotting the field of force about a single conductor carrying current 
A review of the hand rule 

(b) A study of the magnetic flux around two adjacent parallel conductors 
carrying current in the same direction and in opposite directions 

(c) Plotting the magnetic field set up by an energized single layer coil 
with an air core; inclvde the lines of force around the individual 
conductors, A review of the hand rule 

{d) A study of the three factors affecting the strength of an electro-magnet, 

(e) Applications of electro-magnetism such as door chimes, relays, lifting 
magnets, circuit breakers and magnetic .ont&ctcrs 

(f) An elementary study of magnetomotive force, magnetic flux, reluctanco, 
flux density and permeability 

Conductors* Semi-Conductors and Insulators 

C|^^[)ofinitior!3. A ir.ore advanced study and experimental detoimination of che 

ability of metals, non-metals ano solutions to conduct current 
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The Bohr theory of atomic structure; explanation of conducting properties 
of conductors, semi-conductor3 and insulators based on the theory o r atonic 
structures; elementary electrostatics 

3 • Types of Electric Current 

An introductory study of unidirectional current (steady and pulsating) and 
alternating current; the meaning of electrical cycle and frequency 

4* Instruments 

(a) Ajrar.eters and voltmeters: circuit connections; rr ‘cautions for their 

use; accurate scale reading 

(b) Using an ohmmeter 

5. Ohm 1 s Law (Experimental study) 

(a) The effect on the current in a circuit produced by varying the resistance 
and maintaining a constant applied enf. 

(b) The effect on the current in a circuit produced by varying the applied emf. 
and maintaining a constant circuit resistance 

(c) Development and application of equations 

(d) Introduction to piefixes 

6 , R esistors, Resistance Mea s urement, Circular Mil Measures 

(a) An examination and study of the resistance materials used in such house- 
hold appliances as lamps and heaters 

(b) Comparison of wire diameters using the American standard wire gauge and 
wire tables; comparison of ndl-foot resistances of wires in common use 

(c) Calculation of the resistance of a round conductor based upon physical 
factors 

(d) Resistors: common types; construction; ohmic and power ratings; 

application 

7 Analysis of Electrical Circuits 

Determination of current, voltage and resistance characteristics of typical 
series, parallel and series-parallel circuits 



2. Tower and Energ y 

(a) Definitions and units of power and energy 

(b) Voltmeter-ammeter and wattmeter methods of power measurement; energy 
measurement by the watt-hour meter 

L% 

} Calculating power and energy; horsepower in tevms of watts and kilowatts 



.T7 



A 
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y , Voltage Drop and Pow e r Loss 

Measurement of voltage drop and calculation of power loss in electric circuits 
10, Elec ti onion 

(a) Physical examination of: resistors, capacitors, inductors, electron 

tubes, transistors 

(b) Colour codes for resistors 

(c) dimple diode experiments to demonstrate emission and unidirectional flow; 
rectification 

\d) dimple triodc experiments to demonstrate grid control of anode current; 
amplification 



Grade 11 



A. Installation and Maintenance 

All electrical installations should confon^ to the requirements of the 
Hydro- Electric Power Commission of Ontario and the local Guppjy Authority, 



UAFEIT: electrical safety should be stressed, 

1 • Circuits 



(a) The installation of electric services; more advanced study of circuits 
for domestic 11 ght, heat and power, using non-metal] ic and metallic 
cable, E,M,T« and rigid conduit 

(b) Planning and estimating electrical installations from blueprints and 
circuit diagrams 

(c) The installation of D.C, motors using different types of starters and 
protective devices common to industry 

(d) The connection, reversal and simple control of A,C, fractional horse- 
power motors 

(e) The further study of cable splices, lugs and connectors as applied to 
1(a), (c) and (d) 

(f) An elementary study of D.C. motor speed control 
2. Maintenance 




(a) The testing and repair of circuits used for light, heat and power 

(l) The maintenance, testing and repair of motors, generators and industrial 
control equipment 

(c) The testing and repair of major appliances including electrical heating 
units, oil furnaje controls, ranges, water heaters and other common 
equipment 

(d) Jhc care and maintenance of storage batteries 




3. ] ir.htirifi 
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An introductory study of lighting and lighting fixture? 
U . Industrial Electronics 



A study of the applications in industrial control of those items chosen for 
study in momentary Electronics (dee Part P, Theory and Test, See. ion 10) 

5 « Optional Topi cs 



(a) Motor rewinding 

(b) Electric heating 



i . Theory and Test 

Problems on the topics studied should be assigned in a systematic manner 

to clarify and drill the principles involved, 

3AKETY: Mood safety practices should be stressed. 

1 , Elec t r o -magnet ism 

(a) The magnetic circuit? the relationships between the magnetomotive force, 
flux and reluctance; flux density; formulae; 0,0. 3. or M.K.3. system of 
magnetic units 

(b) A study of the magnetizing curves for cast iron and commercial grades of 
core materia] s 

(c) Series magnetic circuits irvolving various materials and air gaps; 
problems 

(d) Practical applications of electro -magnets 

2. Insulation 



Properties of insulating materials such as rubber, varnishes, plastic com- 
pounds, impregnated paper, varnished cloth, tapes, asbestos and silk 

3, Resistors and Resistance Measurements 

(a) An exantination and study of resistors used in industrial control apparatus 

(b) Measuring the resistance of resistors connected in series and in parallel 
and combinations of both; methods and formulae for determining the com- 
bined resistance; problems 

(c) Electrical conductance; problems 

(d) Kirchhoff's Laws - the solution of electrical networks using Kirchhoff r s 
Laws 

4. Electrical Measurements 



Note: The proper use and care of instruments should be stressed. 

Q ) Hie D’Arsonval galvanometer: parts, principle of operation and its 

application in the voltmeter* ammeter and ohmmeter 
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(b) Bridge circuits: the Wheatstone bridge and the slide wire bridge 

(c) Power measurement: the construction and principle of operation of a 

wattmeter; proper wattmeter connections; measurement of power 

D,C, Generators 

(a) The direction and magnitude of the emfs induced in conductors cutting a 
magnetic field; formulae, problems 

(b) D,C. Generators: parts and their functions; types and connections; self 

and separate excitation; factors affecting generated voltage; the building 
up of a 3hunt generator; commutation; armature reaction and commutating 
poles 

(c) Generator characteristics: the saturation curve; the load or external 

characteristics of a separately excited generator; the load or external 
characteristics of a self-excited shunt generator and compound generators; 
voltage reflation; losses in D.C, generators; efficiency 

(d) Generator selection for specific applications 

(e) Parallel operation of shunt and compound generators (optional) 

D,C. Motors 

(a) Principle, types and connections; parts and their functions 

(b) Counter emf., manual motor starters, methods of speed control, reversing 
D*C. motors, automatic starters; dynamic braking 

(c) Load characteristic curves of shunt, series and compound motors; speed 
regulation; armature reaction and interpoles 

(d) Interpretation of motor control schematic diagrams; operating sequence 

(e) Losses in motors and efficiency; calculations 

(f) Kotor selection for specific applications 

Alternating Current 

(a) An introductory study of alternating emf. generation, the sine wave, 
frequency, drawing the sine wave; average, effective and maximum values 

(b) Inductance: definition, factors affecting inductance and inductive 

reactance, formulae and units; phase relationships; non-inductive windings; 
inductors in series and parallel; application 

(c) Capacitance: definition; types, construction and principle of capacitors; 

factors affecting capacitance and capacitive reactance; formulae and units; 
phase relationships; capacitors in series and parallel; application 

(d) Simple A.C# circuits, phase relationships, Ohm’s Law A.C., impedance 

(e) Vector diagrams for A.C. series circuits 



(f) Time constants 



- uo - 



€ . Transfcrners 
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(a) Irinciple, construction, types and application 

(b) Turns, voltage, current and impedance ratios 



9. delays 

Principle, construction, types and application 
10 * Elementary Electroni c : : 



Refer to Grade 11 iHectronics. Hie topics selected and studied will depend 
on the time and equipment available. This section is to be deleted if the 
students receive instruction in the electronics laboratory. 



Grade 12 



A, Installation and Maintenance 



All electrical installations should conform to the requirements of the 
Hydro-Klee trie bower Commission of Ontario and the local Supply Authority. 

3AFETY: Cafe practices in the use of electricity should be stressed. 



1* Circuits 

(a) The installation of distribution systems in non-netallic and metallic 
cable, E.H.T. and rigid conduit for light, heat and power as used in 
modern apartment buildings and small factories. Cervices should be 
included. This study should include plans, bills of material, estimates 
and circuit diagrams 

(b) A study of controllers and time-delay starters for D.C. motors; dynamic 
braking 

(c) The installation of the common types of single pha3e and polyphase A.C. 
motors using different types of starters, control apparatus and pro- 
tective devices common to industry 

(d) Interpretation of motor control schematic diagrams - operating sequence 

(e) The study of the mounting and connecting of transformers and other heavy 
apparatus. Instruction is to be given in anchoring devices, the tools 
required, and in the use of supports such as hangers and brackets. The 
grounding and bonding of equipment is to be emphasized. 

2. Maintenance 

(a) Further testing and repair of circuits for lighting and power equipment, 
e.g. tests for continuity, intermittent and high resistance connections, 
short circuits and grounds 

(b) Maintenance, testing and repair of rotating equipment, transformers, 
control apparatus and other electrical devices 

3. Industrial Electronics 



installation, testing and repair of electronic 
.istrial eouirnent 



controls such as used in 
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P. Th eery and Test 



Problems on the topics studied should be assigned in a systematic - Tinner 
to clarify and drill the principles involved. 

JAFETY: Jafety precautions should be stressed, 

1 • The dine have 

(a) Definition and construction of the sine wave; cycle, frequency 

(b) Average, effective (R,r*3*) and maximon values and the relationships 
between then; form factor of the sine wave 

(c) Equation of the sine wave, instantaneous values 
2 . Alternating Current Circuit s 

(a) Review of inductance, capacitance, reactance and impedance 

(b) Application of Ohm 1 s Law to series and parallel alternating current 
circuits 

(c) Phase relationships in A.C. series and parallel circuits, active and 
reactive components , vector diagrams 

(d) Power waves for circuits containing ft, L, or C; frequency of power v r aves 
positive and negative power; instantaneous, maximum and average power; 
effect of phase angle 

(e) Fowsr and power factor; definitions; meaning of leading and lagging 
power factor; measurement of power in non-inductive, inductive and 
capacitive single phase circuits; determination of power factor; 
relationship between volt-amps, watts and vars; f^r:m;lac and calcula- 
tions ox’ power and power factor 

(f) Power factor correction by capacitors 

(g) Series and parallel resonance: characteristics* of resonant circuits; 

resonance curves 

3* Polynhase Systems 

(a) Reasons for polyphase systems; elementary two phase and three phase 
alternators; star and delta connections 

(b) Vector diagrams for balanced loads in star and delta: unity p.f. and 

lagging P- f - 

(c) Calculation and measurement of three phase power (balanced loads) by 
various methods 



4 . Alternating Current Generators - Alternator s 




Construction of single and polyphase alternators, factors affecting 
voltage and frequent 

Voltage control, v^l ige regulators, voltage regulation for resistive, 
inductive and capacitive loads, armature reaction, v*"1nr iviv.n 



x 
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rtional(c) Parallel eror. i*.lc,\ ■ / . tefnnhors, synchronizing by use of lamps and 

voltmeters, lo ii . ; .w.ment between machines, effect of changing field 
excitation, tun 1 * 

5 . Transformers 

(a) Construct! : r . nitw ratio, transformer equation, effect of 

loading a ... m Icivn ry and commercial applications 

(h) 'clarity: t- ; t 'rmi matin;; and importance 

(e ) Transformer ca;;v' :a: series, parallel, star, delta, Scott, open 

delta, throe yV: > ■u:-: rhase 

(d) load character., . : i c , 1 rases and efficiency 

(e) Instrur.ord t r mu -.•;*••• r - ; rir- irlc and connections; safety precautions 

(f) Transformer v^ct :\ry- ('ttjornl) 
f > , Alternating Current * ' ot . r. 



(a) dyl ana 4 : or; a:;i a ' trat ion of the revolving magnetic field, synch- 
ronous i 

(b) Ttree-rhar-.e r. uv : rro 1 - -a -e induction motors: the principle, construction 

and commercial : ctudy of torque, slip, rotor speed and rotor 

frequency, star*;;;* c.rront , starting torque, power factor and the 
operating or ha; !,■: . -t eristics 

(c) "hi'eo-r)..i: vaw:;.j : - y r induction motors: the principle, construction, 

torque, sly. r-*or uy-d an i rotor frequency, starting current, starting 
torque, i rv:er facer, .meed control and operating or load characteristics; 
commercial user 

(a) Cornuar: sm n f m .in. . : k re and wound rotor induction motors 

(e) Tingle rhase \ n-torr: the principle, construction and application of 

single phase tt rmt'rsj a study of special starting devices, arrangement 
of windings, rt.r'tin* currents, torque and speed characteristics, power 
factor and o f f : c i er.cy 

(f) Cvnchronous motors: the principle, construction and commercial uses of 

synchronous motors including a study of starting methods, speed char- 
acteristics, j-ower ftctr.r and power factor correction; characteristic 
curves and office erwy 

(g) hotor control: :.} a princiiles and tyres of starting and control devices 

in common use f r !r. iucrion ana synchronous motors 

(h) !!otor f*r my’Mfic .u rl ; cat ions 



7* Instruments 



Note: The proper use -and care of instnm.ents should he stressed. 

The theory of r, jurat it r . u:;^ and : rover circuit connections for ammeters, 
voltmeters, wat.f met. it meters, mmim.iur; demand meters, oscilloscopes, 

edance hrid'ory varum:.. t.id e voltmoLcTr? and insulation testers 
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8 . Industrial Electronics 

Note: The follovmng topi on should be taught in the Electronics Laboratory if 

there is one in the school and it is available otherwise the instruc- 
tion may be given in the ITLectrical Laboratory or Electric drop. 

The depth of study will depend on tr.c time and equipment available, 

(a) fouer rectifiers 

The construction, theory of operation, characteristics and precautions 
to observe when gaseous, selenium, silicon and controlled solid state 
rectifiers are used commercially in single and polyphase circuits; 
applications 

(h) Photo sensitive devi ces 

Construction, principle of operation and application of photo-emissive, 
photo-voltaic and photo-conductive components; applications in counting, 
sorting, grading, measuring within limits and quality control 

(c) Electronic timers 

The time constant principle; the thermal principle; industrial applica- 
tions e.g, welding control 

(d) Industrial electric heating 

Principles and application of induction, dielectric and infra-red heating 

(e) Magnetic devices 

Construction, operating principles and applications of saturable reactors 
and tape recorders 

(f) Computers (Elementary study) (Optional) 

Mechanical and electronic foms of digital and analogue computers; 
computer logic - binary system; block diagram of elementary digital and 
analogue computers; application of each type 

(g) Servomechanisms (Optional) 

The study of synchros (selsync) as motors, generators and differential 
units; a servomechanism defined as a closed loop system; servo block 
diagram; analysis of a typical industrial servo system, such as motor 
speed or generator output control system 

9, Lirhtin/r (Domestic, Industrial and Display ) (Optional) 

Adequate lighting requirements, minimum standards for different applica- 
tions 

Lighting units and their meaning, lighting types 
Lighting control and equipment 



(a) 

(b) 

(c) 

o 

ERIC 
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/IP PLIED ELECTRONICS 
Four-Year Programme Grades 11 and 12 
Grade 11 

SAFETY: Safe practices jn the handling of electrical and electronic eqi ipment 

should be stressed* 



A. ITieory and Test 

Symbols, be th communications and industrial, and methods of establishing 
correct operating voltages should be introduced as required* 

Review Ohm's Lawj series and parallel circuits, Kirchhoff's Laws; power 
and energy* 

1 , Vacuum Tubes 



(a) Introduction to electron emission - consideration of electron emitting 
materials 

(b) rhe diode; construction and testing of standard two element (diode) 
vacuum tube; the effect of cathode temperature change on plate current; 
the effect of plate voltage change on plate current; application of the 
diode as a rectifier; effect of load resistance on output; plotting 
characteristic curves ard calculation of D.C. plate resistance 

(c) The triode; the control action of a grid placed between the cathode 
and the plate? grid voltage, plate current and plate voltage; charact- 
eristic curves* The use of characteristic curves to determine 
amplification factor, A*C, plate resistance, mutual conductance and 
gain; operation as an amplifier and as a control device for relay 
operation; comparison of directly and indirectly heated cathodes 

(d) Multi-element tubes; reasons for development; interelectrode capacitance; 
secondary emission 

2, Electrostatics 



Separation of electric charges, their attraction and repulsion; the electron 
theory and its application to static charges; charging by induction; distri- 
bution of charges on a material; stress lines between charged bodies; dis- 
charge from points as compared to spheres; electrostatic screening; storage 
of charge as in a capacitor 

3 , Se mi-Conductors 



Structure of matter; the Bohr atom, introduction to energy levels and their 
relationship to conductors, insulators and semi-conductors; conduction 
through solids, liquids, vacuum and gases; F and N type semi-conductor 
materials 

4 , Alternating Current (Qualitative consideration only) 

(a! Generation of alternating emf; the sine wave; cycle; frequency; harmonics; 
the frequency spectrum; amplitude; effective, average, instantaneous, peak 
ERIC and peak-to-peak values; introduction to vectors 



(b) liLictro-magnetic induction 

(c) Thu transformer: principle and constipation; tines and aprlicut, i 

tu^ns, voltage, current and impedance ratios 

(d) Thu capacitor: tyjos, construction, operation at; i ai r ] .1 cation ; ?-: <■ 

fa:tors affecting the capacitance; reactance chance with frequency; 
iihise re] ationshi :a for 7 and I; capacitors 'in series and para IV- 1 

(e) The coil: types, const ruction , operation and v r li cation; seif it-- 

du:tance; factors affecting inductarce an 1 reactance; rhase r^;at .■ 1 
ships for V and T; non-inductive windings: inductors in series a:.' 
ra railed 

(.f) R, L and C in series and parallel on A.C., series and parallel reson inc- , 
tuned circuits; ti.e Q of L-C circuits; 1. 'C ratio; typical resonance 
curves 

Cir cuit Klemento 

(a) "ower supplies; half- and full-wave rectifiers; voltage doublers; neti-jua 
of obtaining bias voltages from a power supply; the bleeder resistor an i 
reasons for its use; voltage dividers 

Filter circuits: choke input; capacitor input; R-C filters; characteristics 

of each type 

(b) Microphones: principle, construction and application of carbon, crystal 

and dynamic microphones 

(c) Audio amplifiers: classes of operation; transformer, resistance and 

direct-coupled amplifiers; volume control; D.P. (lain 

(d) R, r F. amplifiers: the use of tuned-grid and tuned-plate circuits and the 

gain obtained thereby; precautions necessary to avoid undesirable feed tack 

(e) Amplifier characteristics: comparison of amplifier types; frequency 

response curves; factors affecting frequency response; choke -coupled , 
resistance-coupled and direct-coupled amplifiers; comparison of solid 
state and vacuum tube amplifiers 

(f) Tcne compensating circuits for controlling the frequency response of 
aidio amplifiers 

(g) Solid state rectifiers 

(h) Detectors 

(i) Control circuits: typical circuits to illustrate the application of 

vacuum tubes and solid state devices to electronic control, e.g. photo- 
electric relays and time-delay relays 

(j) Oscillators: requirements for oscillation; methods of feedback; deter- 

mination of oscillator frequency; L-C, R-C and crystal controlled 
oscillator circuits 

Magnetism 

(a) Review of magnetic principles and electro-magnetism 
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(b) : or 'W>. ry/.to’* 1 of mrnetdc units 

(c) implication of r\ -r.e* i r* ;’r:r.c\ r '] 0 : to basic meter movements 
7 , P ps t, .>]n: ; ncnt 

;irr 1 a A. 7, atri net cm' r lover.cnt r , construction of voltmeters, ammeters, 

ob*rclcr; an’ ml t i * -jt, jra. 'vinci; 1c of operation of tube totters, test 
occi j 1 at o>' - ..n i catho le v r r oscilloscopes; the mo of teat instruments 
in servicin' o l ce! - rori r coin ; -mont; the principles of organised test procedure 
in Inc at i r.r fan! fa : i nt or; ret: tv schcmat: 0 diagrams 



1 , ]ho; Course 

1 , fen eh ho rk ( To be in t r o hr c e> 1 a s r enu Ire i } 



!Jote: The care and ^ro of u, in.i too? 3 chon Id be taught as required. 

rhe use of the 3 ol , iorin T iron; shaping, cutting and drilling light metal chassis 
tapping; typical fastening uovicoo and terminal strips use*, i in electronic work, 
dtandard operations are to he mastered sue], as reading instruments, grinding 
twist drills and strip; inn ana cabling ’..ires 

2. The Colour Code (To be introduced as required) 



Cedes for ci;acitora. resistors, coils and transformers 

3 . L aboratory dork 



(a) ike use of standard test instruments such as olmsseterc, voltmeters, 

; illiaruseters , T.T.V.L.’s, oscilloscopes and tost oscillators 

(b) Laboratory dqerir.ents 

1, The determination of va cuius tube characteristics 

2. The analysis of h.C. ar.d L.C, time constant circuits 

3, Die effect of the values of the component, parts on amplifier gain 
and frequency res; onse 

4. The determination of the characteristics of resonant circuits 

5, The use of resonant circuits in the production of A.F. and R.F* 
oscillations 

6. Die determination cf the charact eristics of solid state diodes and 
three element transistors 

(c) Chop Frojects (To be integrated with the preceding laboratory experiments) 



Construction and testing of the following devices: 

1. Power supply circuits 

2. Audio amplifier circuits 

3 . detector circuits 

4 . R.F. amplifier circuits 

5 . Oscillator circuits 

6 . Interval timer 

7. Photoelectric relay 

Lote 1: The testing of electronic equipment should conform to standard laboratory 

procedure and to I.L, 5.E. specifications where applicable. 

o 

ERIC One of the above shop projects should be ouilt on a printed circuit board 
if time permits. 
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Grade 12 



SAFETY: The pro; er handling of the picture tube and the wearing of gloves and 

goggles should be stressed. An eight inch picture tube should be 
substituted for the larger sizes when doing any work on television sets. 
The precautions necessary to avoid high voltage shock and the care 
necessary In handling chassis should be emphasized. 

A. Theory and Test 

1 . Vacuum Tabes 



Further consideration of vacuum tubes: 

(a) Characteristic curves of sharp cut-off and remote cut-off tetrodes and 
pentodes; application of tetrodes and pentodes 

(b) Review of vacuum tube theory with emphasis on load line, operating point, 
load matching, power amplification and voltage amplification 

(c) Special purpose tubes: construction and operation of dual purpose tubes, 

converter tubes, beam power tubes, tuning eye and special rectifiers; 
the use of vacuum txibes in voltage regulator and voltage multiplier 
circuits 



1 . Solid State Devices 



(a) Review of the Pohr atom with emphasis on energy levels in semi-conductor 
materials 

(b) Conduction in ] and 1! type materials; P.IJ. junction, forvrard and reverse 
characteristics; Zener effect 

(c) Riode power rectifiers and controlled rectifiers for single and polyphase 
circuits 

(d) Transistors: principles, construction, types, advantages and disadvantages 

in comparison with vacuum tubes; amplifier configurations; introduction to 
hybrid parameters; application of transistors in amplifiers, voltage 
regulators and other control circuits 

3. The Superheterodyne 

(a) The principle of frequency conversion; application of the beat note 
principle; advantages and disadvantages of the superheterodyne as 
compared to T.R.F. receivers; mixers, converters and I.F. systems 

(b) Special circuits: automatic volume control and q.a.v.c. circuits; phase 

inversion circuits; inverse feedback circuits; tuning indicators; 
electronic voltage regulators; methods of connecting a record player to 

/ a radio; vibrator power supplies 



4 , Alternating Current Theory 






^anced quantitative considerations 




Inductance: definition, calculations, 

resistance in series, phase relations, 



inductive reactance, 
impedance, vectors 



inductance and 
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(b) Capacitance: circulations of capacitor alues, capacity and resistance 

in series, t hnse relations, impedance , ctors 

(c) Frequency-react.anc e rrarbs Tor inductors and ca : aci tors 

(d) Inductance, capacitance and resistance in serin., and parallel; resonance 
cal culat ions ; r *? son an c ° and s e 1 ec t j vi ay c: : rvcs 

(e) lower factor and its caj dilation ; ac l and roartlve components of the 
current 

(f) High frequency effects; distributed capacity and shin effect 

(p) Transient effects and i\ * d , 

(h) Filters: high, low, hand -pas 5 and band rojoc! ion filters; characteristics 

(i) Elementary transmission line theory; impedance matching, line impedance 
5 « T hotoelectric Effects 



Heview and further consideration of the tyres of rhot.oelectric cells. The 

construction, operating rrincirles, colour sensitivity, characteristic curves 

and the application of vacuum, cas filled and solid state photoelectric cells; 

the photo multiplier tube 

Test Equipment 

(a) The principle and application of vacuum tube voltmeters to alternating 
current, direct current and high resistance measurements 

(b) Thermocouple, hot wire, electrostatic, iron vane, rectifier and dynamometer 
instruments 

(c) The construction and operation of electrostatic and electro-magnetic 
cathode ray tubes 

(d) High voltage supplies for cathode ray tubes in oscilloscopes; methods of 
control 

(e) Sweep circuits for cathode ray oscilloscopes; methods of synchronizing 

(f) The use of the electronic switch with a cathode ray oscilloscope 

(g) The application of the cathode ray oscilloscope for indicating distortion, 
measuring gain, timing, checking synchronization, determination of fre- 
quency, indicating phase relations; the use of an oscilloscope as a 
voltmeter and for circuit alignment 

(h) Sweep generators; marker generators and other advanced test equipment 

(i) Inductance and capacitance bridges 

(j) Signal tracing methods of analysis 



O 
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8 . industrial Electronics 

(a) Giseous diodes: rhir r'teri sti :s , ionizaUoi., ty; cj nJ gases, ^res.ui'f 

md its effect on firino r otentiru. ; ar i 1 j c. '• i mi rectifier-, ro,--. - l 

and relaxation osc i; biters 

(h) Thyratrons: 

(l ) -rincirle of r <\ oration; construction and characteristics; corrar:.. a 
with a vacuum t.rjode, rot-ing non-coiitJnuous control ch? rad eri d i v 
of gaseous triodes 

(.?) Control i»i* j oni cat ion by D,C. amplitude 

(3) The gas triode as a rectifier; controlling the output by vary in- ‘aw 
potential on the grid and by shifting the phase of the grid ’/rut 

(4) The ga3 triple as a controlled oscillator; general - ing saw troth 
wa . es 

(c) Other devices and control systems: 

(1) he saturable reactor and its application in light dimming .mu , 1 use 
shift control circuits 

(2) Ihe peaking transformer and its application 

(3) Industrial control: regulation by gaseous tubes, vacuum tubes -mu 

solid slate devices; motor control; welding control; generator 
control; quality control; counting, sorting, grading and measuring 
within limits 

( 4 ) Magnetic recording devices 

(5) binary arithmetic and its use in data : recessing, 

(f) basic principles of digital and analogue computers 

9 . Television and K,M , 

irinciples of television: camera tubes, types and operating princii ies; 

scanning methods; production of the television sirnal; analysis nf a 
composite video signal 

Television receiver: the block diagram; 'he picture tube; 3 weei o.-.cill d^iv; 

pulse shaping circuits; the high voltage |over supply; 7,7. timers; wi le 



(a) 



9 (b) 

ERfC 
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band I.F. amplifiers; separation of video and audio information in the 
intercarrier receiver; deflection systems; interlaced scanning; video 
amplifiers; antenna considerations for i’.V. receivers 

(c) Closed circuit tel r-v Irion used in industry, (Fleck diagram of a complete 
camera and monitor r.yrtem) 

(d) frequency modulation: detectors; advantages of the F,M, system; an 

elementary F * M . transmitter with emphasis on methods of modulation 

1C, Transmitters 

(a) Circuit analysis of simple A.!'. transmitters 

( b ) Tra nsmlt ter a 1 i rnrr.e n t p r o c edu r 6 

(c) Transmitting antenna * ;q es , radio wave propagation 

(d) Elementary transmission line theory, impedance matching 

Optional (e) Radio broadcast, studio technique (if time permits and facilities are 
available) 



11. Ad va need Aud i o Cons id g ra t i o n (high Fidelity) 

(a) Advanced considerations for audio amplifiers including standard I.E, E,E, 
test procedure 

(b) Turntables mi drive mechanisms 

(c) Ihono pickups; tyres, characteristics and applications, stylus con- 
struction and materials, stereo pickup principles 

(d) Speakers and enclosures 

(e) Tape recording principles 

(f) Microphones: high fidelity, types, characteristics and plac ement 

(g) Acoustics, basic concepts and problems encountered in domestic and 
commercial installation 

Optional 

12, Mdcrovraves ( El ement ary study only) 

Principles and construction of the klystron, reflex klystron, the magnetron, 
the travelling wave amplifier, lighthouse and special high frequency tubes 
and transistors 

Resonant cavities: electrical and magnetic fields in resonant cavities; 

attenuation; ir.fedancc matching to a wave .guide; propogation of the wave 
within the wave guide 

Antennas: types and methods of notching them to wave guides 

Jrinciple of tropospheric propagation 



(a) 



(b) 



O 

ERIC 



(c) 

(d) 



P. Chop and Laboratory/ Course 



Note: It is recommended that at least six of the following topics <f the Chop 

Course be studied, 

1, Construction of a superheterodyne tuner with emphasis on the testing of each 
section in accordance with standard I»H a 2.S. ‘"pecifi :a f lore 

2, Experimental determination of nulti-e* 1 ement tube parameters 

3, ii».f erimenta 1 application of advanced test equipment ar in the alignment of 
television at id Y . E , receivers 

4 , Construction and analysis of transistorized amplifiers, oscillators and power supplie 

5, tlx peri rental determination of the characteristic carves of transistors; transistor 
parameters 

6, Alignment and test of an ii.F* transnatter 

7, Experimental analysis of typical industrial circuits to illustrate standard 
industrial applications 

Experimental analysis of a television receiver 
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,VJTO ^ODY kJPAId 

Four-Year Programme n rades 9, 10, 11 n n ^ i 2 
Or a do 9 

Fete: For most of t he practical work in the course "dead 11 unit~ nay be need but 

for some exercises cars are required. 

Introduction to shop and general safety practices. The importance of 
cleanliness should be emphasized 

Introduction to the history of body construction and repair 

Farts - lamination and study to obtain the names, locations and 
purposes of principal body parts 

Types of body and frame construction 

Identification of automotive body fastenings such as bolts, nuts, washers, 
metal screws, spring clips, speed nuts and hog rings 

2. dafety Precautions 

(a) Handling gasoline and oils 

(b) Types of fire extinguishers and their application 

(c) Carbon monoxide gas and carbon tetrachloride fur.es 

(d) ./elding equipment 

(e) Faints and solvents 

(f) Jacks and car stands 

3. Tcols and Equipment 

(a; Care and use of hand tools common to the auto body repair trade. The 
use of the electric drill and vibrating sander 

(b) Demonstration cf simple povnr equipment, i,e, jacking and supporting a 
car cn car stands 

(e) Dizes and use of different types of wrenches and sockets 
(d) Types ar.d use of hammers, files, dollies and spoons 

4. Lighting Uni ts 

(a) removing and replacing sealed h^am units, automotive lamp bulbs, Fritish 
arid Juroj ean headlamps, tail lights, parking lights, stop, lights, license 
lamps and dome lights or parts of sore 

o (by Adjust sealed lea:', units 

ERIC 



i. U) 

(b) 

(c) 

(d) 

(e) 
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5 . Effecting Minor Repairs 

(a) Metal reaction to simple bending 

(b) Removing a minor dent and finishing the area - picking and filing 

(c) Demonstration of metal shrinking; checking with the hand for rippled 
or dented areas 

6. Tinning and Soldering 

(a) Preparation for tinning 

(b) Use of torch for soldering 
(cj Tinning 

(d) Composition and application of body solder; paddles and their use, 
common lubricants 

(e) Finishing soldered area - filing and sanding 

7 . Cleaning the Car 

(a) Washing 

(b) Spot cleaning (tar oil etc,) exterior only 

8. Care of Body Finish 

(a) Types of compound (cleaner) and polish (liquid and paste) 

(b) Methods of applying; polishing 

9. Metals 



(a) Types and gauges of metals used in automobiles 

(b) A study of body corrosion and procedures for repairing corroded or 
rusted sections 

10, Removing, Replacing and Servicing Parts 

Remove and replace wiper arms and blades, arm rests, ash trays, small chrome 
strips, mouldings, name plates, step plates, kick pads, trunk, linings, rear 
seats, rear floor mats, inside door handles, regulator handles and bumpers 



1 1 . R efinishing - Enamel 




(a) Types of sand papers and their proper use 

(b) Paints, primers, primer surfacers, sealers, enamels and lacquers 

(c) Masking; tapes, covers, liquid masking compound 

(d) Demons tr at ion of spray painting 
CAUTION - SPRAY PAINTING 

Before undertaking spray painting an approved spray booth installation with 
approved safety features must be provided. 
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12. V/eldin g 

Refer to the Grade 9 Welding course and select suitable topics* 



AUTO BODY REPAIR 



Grade 10 



The course of study in this grade should deal in greater detail with 
the narr.es, purposes, locations and method of assembly of the major body parts 
and should provide for simple repair, fitting and adjustment of minor body 
parts. 

3AF r vY: 3afe practices 5 the use of tools and equipment should be stressed 

and the topics listed under safety in Grade 9 reviewed. 



1, Cleanliness 

(a) r roper regard for personal and shop cleanliness should be emphasized 

(b) Customer f s car - use of seat covers and fender covers, cleaning 
steering wheel and controls 

2. (a) A review of Grade 9 work 

(b) 3hop regulations ar.d trade requirements 
3* Types of Tools 

(a) A study of the portable power tools used in auto body repair 

(b) 3afe operation of air and electric metal cutting equipment, disk 
and vibrator sanders 



4* 



5. 



6 . 




Welding and Brazing 

(a) Refer to Grade 10 Welding course and select suitable topics on 
welding and brazing 

(b) ^actice in controlling warpage, forging a weld, shrinking metal and 
welding auto body steel 

Metal Repairing 

(a) During this year the student should be taught the method of surveying 
simple metal damage and the sequence of repair 

(b) The procedure for straightening hv bumping, picking, filing and checking 
with the hand 

Corrosion and Rust Repair 

(a) Cutting out damaged area 

(b) Patching - over top and underneath 

(c) Cleaning the metal, preparation for soldering 
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7. Golderinm 

(a) Types of solders and fluxes 

(b) Methods of tinning 

(c) Methods of applying solder (flat positior); solder peddles and their use 

(d) Filing solder 

(e) Finishing by block sanding 
F . Reparation for Re finishing 

(a) Removal of waxes and silicones 

(b) Canding - sand papers and their proper use 

(c) Cleaning the netal 

(d) Masking methods and types of tapes 

9. Spraying Equipment 

CAUTION - 3 PRAY rAIM?IKG 

Pefore undertaking spray painting an approved spray booth installation with 
approved safety features must be provided. 

(a) Gimple spray gun adjustments - operation of a spray gun 

(b) 3 pray gun techniques 

(c) Care and cleaning of spray guns 

10. Refinishing 

(a) application of primer surfacer 

(b) Glazing and sanding 

(c) Applying the finish coat 

11 . Removing, Replacing and Servicing Farts 

(a) Remove and replace headlamp assembly, minor body trim, interior and 
exterior sun visors, radio antennae, inner door handles, door pads, 
weatherstrips, door garnish and other types of mouldings 

(b) Disassemble a headlamp unit, identify the parts, replace, adjust and 
focus 

(c) Rpes of fastenings used for body trir. and escutcheon plates 

12. locks and Controls 

O (a) Types of hood latches and trunk lid lock-. - adjustments 



muaniMJ (b) Glove compartment and gas filler doors 
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13. Upholstery (Optional) 

(a) Cleaning by vacuum cleaner 

(b) Spot removing with cleaning solvents 

(c) Shampooing 



AUTO BODY REPAIR 
Gcade 11 

Automobiles should be used for the practical work in this course. 

Since welding and power equipment are to be used, safety and the 
correct use of the equipment should be stressed at all times. 

1. Safety 

(a) A review of the safety topics previously listed 

(b) Cleanliness of shop 

(c) '.velding 

(d) Combust ible materials 

(e) Automobiles 

(f) Tower equipment 

(g) Tibreglass and plastics 

?,m Review Grades 9 and 10 where necessary as a foundation for Grade 11. 

3. Welding and Brazing 

A review and further study of controlling warpage and welding and brazing 
practices used in auto body repair. The welding of light gauge metals 
should be practiced. 

Precautions regarding upholstery, wirihg, wind cords, plastics and gas 
tanks should be emphasized. 

U . Special Tools and Equipment 

Hand tools, body jacks and attachments, hydraulic and mechanical; proper 
methods of grinding, types of discs and attachments; air and electric 
tools for cutting, flanging and sanding 



O 
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5 , Metal Repair 

(a) A study of direct and indirect damage 

(b) Repairing different types of damage: high crown surface bumping. 
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low crown or flat surface bumping, removing damaged area and fitting 
a repair panel, patch and simple panel making - installation, welding 
sheet metal panels and sills - problems of expansion and contraction, 
shrinking metal 



(c) Goldering: types of solders and soldering fluxes; tinning: zinc 

chloride, acid-core and brush-type soldering flux; method of "paddling" 
solder (flat and vertical); finishing solder - filing and sanding 

(d) Plastic repair: types of plastics and fibreglass, proper application, 

finishing 

6. Chassis 

Frame construction; types of frames; the difference between the conventional 
type of frame and the unitized body and frame; types of frame and unit body 
damage; how the conventional type of frame reacts to damage as compared to the 
unitized body and frame; chassis parts - suspension front and rear; checking 
frame damage by simple measurements and by use of a trammel gauge 

7 « Removal, Replacement and Servicing of Parts 

Door handles and locks, window regulators, inside controls, door glass and 
vent assemblies, seat tracks and controls (not powerized), air ducts and 
vent controls, bumpers, grilles, radiators, fenders, inner fender pans and 
stone shields, all types of exterior mouldings 

8, Trim 

Remove and replace doors, quarter trim and seat covers; repair seats (metal 
only) 

9. opray Guns 

Types and adjustments, pressures, spray patterns, spray techniques, troubles 
and remedies, cleaning and normal maintenance 

CAUTION - 3 PRAY PAINTING 

Before undertaking spray painting an approved spray booth installation with 
approved safety features must be provided# 

10 , Preparation for Refinishi ng 

Cleaning bare metal and old paint, wax removal; methods of neutralizing the 
soldering fluxes; types of sandpaper and their use; methods of sanding; 
masking tapes and methods of masking 

1 1 , Priming the Surface 

Types of primers and primer surfacers, thinnera and reducers, application of 
primer or primer surfacer, glazing 



12, Painting 




Types of paint3; thinning, reducing and mixing; preparation for application 
of colour coats; application of colour coats; compounding and polishing 
lacquer finishes; methods of removing masking, i*e#, two tone 
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AUTO BODY REPAIR 
Grads 12 



Attention should be given to the types of body and frame damage and 
suitable projects selected that require the use of power equipment such as 
jacks, pullers, air and electric tools. 



Complete body refinishing should be studied and when replacing panels, 
fitting should be stressed. 



SAFETY: The safety measures previously outlined should be periodically reviewed. 

1. A brief review of Grade 11 work 



2, Welding and Brazing 

A study of the welding and brazing techniques in common use in auto body 
shops for repairing bodies, frames, grilles and aluminum and die-cast parts 

3. Special Tools and Equipment 

(a) Extension of Grade 11 studies to include all power tools, equipment 
and attachments used in auto body repair 

(b) Introduction and practical application of portable pulling equipment 
and portable frame machine 



4. Metal Repair 



(a) A further study of metal repair methods to include alL aspects of 
metal repair in common use 



(b) Detailed study of the effects of heat on metals; heat distortion 
causes and correction; use of heat as a correcting factor 

(c) Shrinking: methods of shrinking with and without water 



(d) Aluminum: gauges, types and alloys, annealing, shrinking, metal 

finishing, tinning and soldering 

5 , Solder ing 



(a) 


Review soldering Grade 11 




(b) 


Method of heating 




(c) 


Expansion control 




(d) 


Solder paddling - all positions 


Plastics 




(a) 


Types - fibreglass and body 


filler 


(b) 


Uses 




(c) 


Proper application on steel 


and fibreglass 
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(d) Finishing 

7, Chassis - Terms - Discussion only 

(a) Terminology of steering, i.e, caster, camber 

(b) Geometry of steering 

(c) Ackerman's Principle of steering 

(d) Frame alignments - correction of minor damage 

8 , Fitting and Alig nment 

(a) Methods of fitting and alignment by shimming, adjusting, bunding, pulling 
and jacking ofj hoods, trunk decks, front fender assembly, door and 
windows 

(b) Remove, replace and adjust various types of door locks and window 
mechanisms 



(c) Elimination of water leaks 
9. Glass 

(a) Types of glass and markings - care in handling 

(b) Methods of fastening 

(c) Methods of removing and replacing glass 

(d) Demonstration of the removal and replacement of a vent glass and rear 
window or a windshield 

10, Tr im 

Types of trim; removing and replacing head lining and steering wheel; re- 
pairing head lining (simple repair only), seats and back rests 

11, El ec tr ical - Simple Repair and Replacements 

(a) Simple wiring circuit - fundamentals 

(b) Minor repairs to signal lights, parking lights, tail lights and 
license lamps 

12, Spray E quipment 

(a) Spray guns; types and sizes 

(b) Hoses; types, colour, composition, air pressure drop 

(c) Air transformers and regulators 

(d) Compressors: types, minor maintenance and safety devices 

(e) Infra - red dryers - Portable unit 
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13. Pa ints 

Primers | primer surfacers, sealers, enamels, lacquers, glazing putty 

(a) Composition of each 

(b) A study of the methods of application of each 

(c) Preparation of spray materials 

(d) Use and purpose of each 

14. Spray Oun Techniques 
CAUTION - SPRAY PAINTING 

Before undertaking spray painting an approved spray booth installation with 
approved safety features must be provided, 

(a) Stroking 

(b) Triggering 

(c) Distance from surface 

(d) Angles and patterns 

15. Paint Application 

(a) Spotting in 

(b) Painting a panel 

(c) Complete re finishing of the automobile 
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aut c mechanics 

Four-Year Programme Grades 9, 10, 11 and 12 
Grade 9 

SAFETY: Safety precautions in regard to toxic and explosive fumes and gaoes, 

lifting equipment, hand and power tools; shop and personal cleanliness 
should be emphasized. 

V/hen feasible suitable units should be dismantled an! assembled, 

1« Chassis 

(a) Parts: examination and study to obtain the name, purpose and location 

of principal parts 

(b) Specifications: wheel base, spring suspension, steering-gear ratio, 

tread and road clearance 

2* Names an d Purpose of Common Automotive Tools 

3* Engines 

(a) Parts: identification of parts, dismantling and assembling piston 

and valve assemblies 

(b) Principles of the four-stroke cycle; fuel-air mixtures; properties 
and danger of carbon monoxide gas - precautions 

A . Lubrication 

Purpose, simple theory, description and methods of lubricating engine and 
chassis 

5* Cooling System 

Purpose, simple theory and examination of liquid and air cooling systems 

6. Electrical System 

Fundamsntalr, of electricity and magnetism, circuits, electro-magnets, 
insulators, conductors and resistors. Tracing a simple ignition circuit 
and studying its operation 

7. Fuel System and Fuel 

(a) Name and purpose of units 

(b) Gasoline: use, precautions for its use, method of storing, methods 

of extinguishing fires; gasoline prohibited for cleaning purposes 

Fastening s 

Identification of bolts, nuts, cap screws, threads, rivets, washers, cotter 
pins; their use and application 
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9. Transmission System 

(a) Construction and operation of single-plate clutch 

(b, Transmission: s tan lard positions, speed ratios; mechanical advantages 

(c) Drive shaft, llotcldriss and torque tube types 

(d) Differential, pirpose 

(e) Rear axles, types 
10. Running Pear 

(a) Front wheel suspension 

(b) Steering, gear principle 

(c) Drakes, simple theory 



Ad TO MECHANIC^ 
Grade 10 



The course of study in this grade should deal in greater detail with 
the names, purpose, location, and operation of the principal parts of the modern 
automobile and should provide for simple fitting and adjustment during assembly 
and replacement operations. Running engines are required. 

Dames and purpose of additional automotive tools such as taps, dies, 
micrometers and reamers. 



SAFETY: Safety precautions in regard to toxic and explosive fumes and gases, 

lifting equipment, hand and power tools; shop and personal cleanliness 
should be emphasized. 



(a) Piston assembly: relative position of pistons in various cylinders, 

compression ratios and compression pressures, detailed examination of 
pistons, rings, connecting rods and bearings 

(b) Crankshaft: relation to stroke, r.p.m. 

(c) Valves: arrangement as lo heads, seats, faces, springs, locking, guides 

tappets and clearances; timing valves with and without marks; valve lap, 
lead and lag; relationship of stroke to degrees 

(d) Horsepower: brief reference to horsepower formula as used for license 

purposes 

(e) Single cylinder engine - two and four stroke cycle 
2, lubrication 

(a) Study of a lubrication system for modem automobile engines and chassis 
kinds of lubricants, lubrication charts, 3,A.E. f viscosity ratings, 
effect of extreme temperatures, filters 
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(b) Operation of oil pumps and relief valves ' . . 

3 . Cool ing System 

Parts and function of both liquid and air types; anti-freeze solutions and 
testing 

A. Electrical System 

Further study of automotive electricity; identification of electrical parts 
for a multiple cylinder engine including ignition, generator, cranking motor, 
horn and lighting circuits; the wiring of the above-mentioned circuits 

5 • Fuel System 

Purpose, construction and operation of fuel pumps, filters and carburetors; 
fuel properties and significance of octane ratings; minor carburetor adjust- 
ments 

6. Transmission System 

(a) Clutch: detailed examination of a single-plate dry clutch; pedal 

adjustment 

(b) Transmission: path of power, relative speeds of crank and drive shafts 

for different gear shift positions; mechanical advantages ar.d direction 
of drive; synchromesh gearr. 

(c) Drive shafts: exarunation of types; need for universal joints, kinds 

of universal joints 

(a) Rear axles: types; more detailed study of the differential including 

variation in speed of rear wheel to crown gear 

7. Running Gear 

(a) Front wheel suspension: types; principal parts inciudinc king pins, 

steering knuckle, bearings, tie rod ends and steering linkage; steering, 
geometry and steering gear reduction 

(b) Brakes: mechanical - a study of a mechanical unit; hydraulic - a study 

of tne operation of a master cylinder and a wheel cylinder in actuating 
brake linkages 

F. Fastenings 

Identification of machine screws, threads and sizes; identification of meta] 
screws 



9. jMbing and Fittings 

Brake, fuel, oil and vacuum lines and fittings; types and sizes 
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A UTO MECHANICS 
Grads 11 



To introduce trade work .in the Grade 11 course automobiles should be 
brought in to provide for such work and operations as fall within the scope 
of this course. The use of specialized testing and fitting equipment should be 
encouraged in Grade 11. 

3AKGTV; In addition to the safety precautions previously outlined, safety 

practices should be observed in the use of hoists, jacks, car stands 
rand wheel b^ lancers , ohop and personal cleanliness and the use of 
seat and fender covers should be stressed, 3hop cleanliness should 
include floors, benches, equipment and tools. Special emphasis 
should be placed on the proper driving and parking of vehicles. 

1 . Engl ne 

(a) Further consideration of the general construction of the multiple-cylinder 
engine; cylinder and valve arrangements; types and materials of crank- 
shaft, main bearings, pistons, pis Lon pins, connecting-rods, valves; 
valve action details; valve tiriung 

(b) Engine lubrication; theory of lubricn tion; engine oil specifications; 
details of typical engine lubricating system 

(c) Engine power; factors of power, calculating engine horsepower; piston 
displacement: compression ratio 

(d) Common causes of abnormal engine noises 

2 . Engine dervice Operations 

(a) Checking engine cylinder compression 

(b) Ensuring cylinder wear 

(c) Checking clearance of connecting-rod bearings, piston pins and piston 
rings; checking connecting-rod alignment 

(d) Reconditioning engine valves end valve seats; adjusting valve clearances 

3. Automotive Electrical System 

General outline of the various systems involved; cranking motor, 
generator, lighting and ignition; types, kinds and sizes of automotive 
electrical vires, cables and terminals; wiring diagrams and symbols 

Storage battery; general construction and operation of automotive type; 
testing and charging a storage battery 

Cranking motor system; purpose of units involved; general construction 
and operation of a typical cranking motor 

Generator system: purpose of units involved; general construction and 

operation of a typical automobile generator 

Lighting system: purpose and location of various units involved; types, 

and kinds of automotive lamp bulbs; adjusting headlamps; connecting 
electrical accessories; purpose and location of fuses 



(*) 
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(b) 

(c) 

(d) 

(e) 
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(f) Ignition system: purpose and location of various units involved in a 

typical automobile ignition system; construction and types of spark 
plugs; heat range; cleaning and adjusting spark plugs; adjusting and 
setting ignition timing; installing and connecting distributor wires 

4. Fuel System and Carburetion 

(a) Construction and operation of a typical mechanical fuel pump 

(b) Further study of the principles and operation of a carburetor including 
dismantling, assembling and adjusting simple types 

(c) Cleaning fuel filters and air cleaners 
5 • Transmission Systems 

(a) Various units involved and their relationship to one another 

(b) Clutch: construction, dismantling, identifying and replacing defective 

parts, assembling and adjusting 

(c) Transmission: construction and review of general principles of 

synchronized gear engagements; dismantling, identifying and replacing 
defective parts; assembling and adjusting 

(d) Simple theory of planetary gearing and overdrive 

(e) Rear axle arrangements; types and applications; construction of typical 
rear axle unit; hypoid gears 

6, Steering Gears . Wheels and Brakes 

Further study of cajnber, caster, king-pin inclination and toe-in; making 
minor adjustments to wheel alignment; wheel balancing 

Construction of popular types of steering gear; adjusting steering 
gear and linkage 

Drakes: operation of mechanical and hydraulic brakes; general principle 

of hydraulic brake system; construction of popular types of brake units; 
removing, relining, replacing and adjusting typical brake-shoe assembly 

AUTO MSCHA1-JI0.; 

Grade 12 

The work of Grade 12 is t*> include diagnosis and servicing of common 
mechanical and electrical troubles. 

Gafety precautjons should be stressed in regard to toxic and explosive 
fumes and gtses, the use of hoists, jacks and car stands and the 
operation of power tools such as grinders, drills and wheel balancers. 
Shop and personal cleanliness in regard to the automobile should be 
emphasized and the use of seat and fender covers required. Shop clean- 
liness should include floors, benches, equipment and tools. Special 
emphasis should he placed on the proper driving and parking of vehicles. 



3/IFE7Y: 
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(a) 

(b) 

(c) 
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Engine 

(a) Construction and a thorough study of a typical modern automobile engine ; 
standards of accuracy and precision; service work to maintain original 
standards 

(b) Principle and construction of the diesel engine; comparison of the 
diesel engine and typical gasoline engine 

(c) Identifying parts likely to require replacement; reconditioning or 
adjustment to compensate for wear 

(d) Diagnosing engine mechanical defects 

(i) Testing for loss of power through leaking valves, pistons and 
gaskets 

(ii) Testing for loose or worn pistons, piston rings, worn cylinders, 
piston pins and bearings 

(iii) Locating causes of overheating 

(iv) locating causes of excessive oil consumption 

(e) Reconditioning or replacing engine parts such as cylinders, pistons and 
bearings (which were not studied in Grade 11) 

Automotive Electrical Practice 



(a) Use and care of automotive electrical test equipment; diagnosing 
electrical troubles, systems of elimination 

(b) Testing storage battery for state of charge and battery defects; common 
storage battery troubles; care of the storage battery 

(c) Cranking motors: remote-controlled cranking motor system, popular types 

of cranking motor drives; identification of circuits and locati r ( : /v'lts 
in systems; testing cranking motor input current and output torque, d : s- 
mantling and reassembling cranking motor: testing internal winding 

(d) Alternator: purpose, principle, construction and operation 

(e) Generator: output control methods; testing generator for output; dis- 

mantling and reassembling generator; testing internal windings; testing 
and adjusting generator controls 

(f) Ignition system:*.: types in common use; common ignition system troubles: 

proper procedure for diagnosing troubles; testing spark plug', ignition 
coil and condenser; spark control methods; checking automatic spark 
control for accuracy; replacing and adjusting ignition points; setting 
ignition timing; synchronizing dual points 

(g) Headlamps: testing for poor headlamp illumination; headlamp glare; 

aiming headlamps to meet legal requirements; headlamp control methods; 
protective devices, fuses and current limiting relays 

(h) Signal systems: turning signals, oil pressure, charging circuit and 

fuel gauge 

(i) Power assist circuits; power operated windows, seats and tops; power 
shift transmissions and differentials; brake electrical control devices 
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(a) Construction and operaticn of modern single and multi-throat, carburetors; 
types and purposes 

(b) Dismantling and reassembling carburetor to identity the parts commonly 
requiring replacement: carbureter reconditioning and reassembling'; adjust- 
ments; carburetor final adjustments and settings on a running engine 

(c) Brief reference to injector and pump system used on diesel engines 

4. Engine Tu r?-u p Operations 

(a) Determining mechanical condition of engine before proceeding with engine 
tune-up 

(b) Operations in engine tunc-up and importance of correct sequence: battery 
condition, compression test, ignition system, fuel system; final running 
test using tachometer, vacuum gauge and engine analyser • 

(c) Thermal efficiency, volumetric efficiency, mechanical efficiency ar.i 
load test by dynamometer 

5 . Trans m ission System 

(a) Common clutch troubles; recondi tioning modern clutch; replacing clutch 
facings and bearings; aligning clutch; clutch adjustment 

(b) Construction and operation of popular form of synchronized type trans- 
mission; typical service problems and overhauling procedure 

(c) Service requirements of universal joints 

(d) Di xgnosing and correcting various rear axle troubles 

(e) Principles of automatic transmissions 

(f) Gear lubricants for particular requirements 



6, Running Gear 



(a) Types cf r ront wheel suspension 

(b) Steering gear troubles: causes and remedies; checking front wheel 

alignment; steering geometry; adjusting steering gear and linkage on 
independent wheel suspension 



(c) Principles of power steering 

(d) Construction and operation cl* hydraulic brake system * common troubles 
of brake system; reconditioning brake cylinders and bleeding brake 
systems 



(e) Removing, replacing and adjusting a complete set of brakes 



o (f) 
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Principles of power brakes 
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DRAFTING 



Four-Year Programme Grades 9 and 10 
Grade 9 



The drafting course cutline for Grades 9 and 10 is general in nature 
and suitable architectural and mechanical drafting projects should be selected 
to provide the pupil with experience in architectural and mechanical drafting. 

Note: All work to be done according to C,S,A. Standards, 

1, Development of Drafting Skills 

(a) The use and care of the elementary drafting instruments 

(b) The development of skill in single stroke freehand capital lettering; 
the alphabet, figures and fractions; application in note3 and dimensions 

(c) Recognition, through use, of the alphabet of Jines; visible outline, 
hidden line, centre line, dimension line, extension line, leader line, 
section line, cutting plane line and bre<k line 

(d) Technique in measuring, using the full-size scale 

(e) One-view drawings such as templates, gates, street and plot plan to 
develop the skills required in using the instruments 

2* Orthogra phic Projec tion (2 view to 6 view) 

Freehand sketching of orthographic views .from pictorial representations and 

objects to illustrate the correct placement of views and the difference 

between orthographic views and pictorial drawings 

3, Working Drawing s 

(a) Two- and three-view working drawings, from both pictorial drawings and 
models, to scale, such as full, half size or 3" = 1 foot, of rectangular 
objects, angular objects which require straight lines only such as 
wedges and tapers, objects with curved surfaces involving circles and 
parts of circles 

(b) Spacing of views for proper balance 

(c) Elementary dimensioning, including the locating and dimensioning of 
circles, arcs and angles 

(d) Full sections and half sections; methods of indicating the section and 
the materials by cross-hatching (common materials only) 

(e) Geometric constructions to be included in the classroom drafting project 
as required 
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4. (a) Detail drawings of simple parts to illustrate conventional indications 

for operations such as drilling, threading and tapping; finish marks. 

In introducing threading the simplified symbol should be stressed. 

(b) Drawing of simple assemblies of two or more parts to show the relation- 
ship of the parts, the method of dimensioning the assembly and to 
introduce the bill of material and parts list 

5. Blueprint Reading 

Examining simple drawings and blueprints of shop projects and other objects 
to learn the sizes, shapes, details, materials and processes as specified 



Grade 10 

In this course suitable architectural , mechanical and electrical drafting 
projects should be selected which provide the pupil with some experience in these 
fields. 

Note: All work to be done according co C.S.A. standards. 

1, Orthographic Projection 

Problems to illustrate the principles of third angle projection: objects 

with surfaces not parallel to one another; obliquely-cut objects such as 
frustums of pyramids and cones; incomplete views and auxiliary views 

2, P ictorial Drawing 

The use of pictorial drawings expressed in such forms as isometric, cabinet 
and oblique; introduction of pictorial drawing practice including dimens ioning 

3i Section Views 

Offset, removed, revolved, broken-out and phantom sections, assembly in 
section 

4 • Geometric Construction 

Drafting problems involving such layouts as the hexagon, octagon and pentagon; 
the division of circles and lines and the bisection of angles and lines. This 
work should be included in classroom drafting projects. 

5 . Intersection of Surfaces 

Plotting the lines of intersections of cylindrical and rectangular shapes 
joining at various angles such as on machine parts 

6, Development of Surfaces 

Developing patterns for rectangular objects; parallel line development of 
patterns for right and oblique cut cylinders; two piece elbows and scoops; 
radial line development applied to conical and pyramidal shapes; extension 
of parallel line development to three and four-piece elbows. Developments 
O ivolving a combination of both methods for pattern layout may be made from 
or in the sheet metal shop if available 
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7 * Working Drawings of a More Advanced Nature 

Drawings of a more difficult nature involving the placement, number and 
dimensioning of views; sections; simplified and regular symbols for threads 
notation; National, Unified, Acme and Square threads in sufficient detail 
to adequately specify and represent them on detail and assembly drawings; 
bill of material and assembly drawings. The drawings should be selected 
from shop projects when suitable. The making of sketch plans before start- 
ing the scale drawings should be encouraged, 

6.- Blueprint Reading 

For machine trades; building construction and electrical trades; reading 
drawings representative of the technical work taught in the school and the 
work done in local industries 

9. Optional Topi cs 

(a) Map or topographical drawing: drawing a land plot from field sketch 

and notes; indications for topographical features 

(b) Tracing and reproduction of drawings: the student who makes rapid 
progress in drafting may be given some inking or pencil drawing on 
tracing paper 
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ARCHITECTURAL DRAFTING 



Four-Year Programme Grades 11 and 12 
Grade 11 



1 „ Building Construction Details 

(a) Preparation of working details involving the following elements singly 
or in combination 



Foundations: soil conditions; slab, stepped, offset, plain and rein- 

forced footings; post, pier, column and wall foundations; foundation 
waterproofing 

Frame wall construction: elements of balloon, platform or western 

and braced frames; wood coverings 

Masonry wall construction: wall thickness; face and backing units 



Wood floor construction: joist arrangement, fire-stops, bridging, 

girders, trimming, floors 

Carpentry and joinery: joints, rough and finished carpentry, trim 

details 

Windows: double-hung, casements in wood and metal; millions, caulking; 

types for wood and masonry walls 

Doors: construction, exterior and interior types and sizes, hardware 

Fireplaces: hearth, throat and flue construction, surround and mantel 

Chinneys: flue types and sizes; wall sizes and materials; cleanouts 

Stairs: types; open-and closed-string construction, tread, riser and 

hand-rail relation 

Wood roof framing: wood truss construction; elements of the flat, lean- 

to, hip, gable, garni /el, mansard types; dormers, coverings, cornices 

Flashings: for hips, valleys, chimneys, cornices, parapets, soil pipes 

(b) Layouts and working drawings: incorporation of the foregoing details in 

the working drawings for a kitchen equipment layout, sunnier cottage or 
similar project 

(c) Some brief exercises in inking and an introduction to the uso of lettering 
devices may be given 

,7. Building Materials and Methods 



An elementary study of the materials of building construction and the local 
building by-laws and practices. This study should be carried on concurrently 
( with the preparation of the details outlined in 1 above. 




(a) Wood: drying, shrinkage, defects, sawing, grvding, me&surcsnent ; propert5«n 

and uses of various building vioods 
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(b) Lime: properties; crushed and hydrated; mortar, plaster 

(c) Portland cement: properties, use:, in mortar, stucco, concrete 

(и) Crick: varieties, uses, types of bonds, joints, mortar 

(c) Ctone: classifications, properties and uses of granite, limestone, 

sandstone, marble, slate and shale; properties and application of rubble, 
ashlar, veneers; bonding and waterproofing 

(f) Concrete: proportions, mixing, placing, curing, forms, uses of steel 

reinforcing, pre-stressing 

(g) Gypsum products: properties of gypsum; uses in plasters, boards, blocks, 

slabs; dry wall construction 

(h) Masonry units: concrete, cinder-concrete, silica, clay blocks 

(i) Flooring: wood, concrete, terrazzo, mastic, tile, linoleum, cork and 

rubber coverings 

(j) Glass; varieties, commercial standards; structural glass and block 

(к) Faints: composition and uses of paints, enamels, varnishes and stains; 

paints for wood, metal, plaster, concrete 

(l) Metals: properties and uses of iron, steel, copper, lead, zinc, tin 

(m) Insulation: types, application, vapour barrier 

Structural Design 

The objectives of this course are to teach good engineering procedures and to 

familiarize the student with present day structural design methods* 

(a) Strength of materials? definition; use in structural design 

(b) Forces: compression, tension, shear, elements of a force, vectors 

(c) Stresses: mechanical properties of materials, strength, stiffness, 

elasticity, ductility, malleability, deformation, elastic limit, yield 
point and ultimate strength, modulus of elasticity, factor of safety, 
allowable unit stresses 

(d) Equilibrium: definition, parallelogram of forces, resultants, jquilibrant 

(e) Beam design: 

Types of loads: point load and uniformly distributed load; conditions 

for equilibrium; principle of moments 

Reactions: calculation of HI and R 2, simple beams, cantilever beams 

Vertical shear, calculations - diagram 
Fending moment, calculations - diagram 
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Internal resistance - resisting moment, horizontal shear (for timber 
only) 

Flexure formulae. Determination of section modulus, delection of 
beam - timber, steel 

Deflection; definition, maximum deflection for a bean, with a con- 
centrated or point load at the centre; maximum deflection for a beam 
with a uniformly distributed load. Formulae for beam deflection 



Simple problems in team design in steel and timber 



4# Structural Steel Drafting (To be continued through Grade 12) 

(a) Drafting; drafting room organization, personnel, procedures 

(b) Contentions and symbols; 

Plain material; structural steel 

Method of billing and sketching structural steel shapes on shop drawings 

Conventions and symbols for structural shape3 

Dimensions and weights of various structural steel sections 

(c) Use of hand-books and other reference materials: American Institute of 

Steel Construction Manual 

(d) Design drawings: graphical analysis, framing plans and details, column 

schedules 

(e) Shop detail drawings; beams, lintels, columns, trusses, long span steel 
joists, bills of material, layouts 

(f) Fabrications material handling and cutting, use of templets, layout, 
punching and drilling, binding and bulldozing, fitting up, reaming, 
riveting, high tensile bolts, welding, painting and marking, inspection 

(g) Erection; transportation, equipment ^ erection on the site, placing, 
aligning, fastening, bolting and riveting, field painting 

5, Perspective a nd Rendering 

(a) General principles of perspective projection; determination of station 
point, picture plane, horizon, lines of heights and vanishing points 



(b) Problems in angular and parallel perspective applied to angular and 
pyrajTudal solids, curved lines and cylinders 

(c) Rendering in pencil of simple forms in light and shade; rendering cf 
simp?.e architectural instrumental perspective in pencil 



( 6, Estimating (To be continued through Grade 12) 



O 
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(a) Approximate methods of estimating building construction by the cubic 
foot and square foot 
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(b) Consideration of the units of maasurement, methods of estimating and 
pricing for general items, excavation, grading, brick work, mortar, 
rough and dressed stonework, concrete, concrete block, waterproofing, 
rough wood framing, sheathing, siding, shingles, frames and sash, 
exterior and interior doors, finish carpentry, trim, fittings, wood 
flooring, linoleum, sheet metal work, built-up roofing, lathing, 
plastering, painting, glazing, floor and wall tile work, electric wiring, 
heating, plumbing and insulation 

(c) Application of (b) above in "taking off 11 quantities from blueprints. Use 
the actual blueprints of a small residence or industrial building. 

7. Scale Models (Optional) 

Presentation models of projects in various media 

8, History of Architecture and Desigp 

(a) General outline of the history of ancient building with emphasis on the 
Greek and Roman periods, particular attention being given to the use of 
materials, methods of construction and to the form and proportion of 
details of these periods which are still in use 

(b) Freehand sketches or formal drawings of representative details of the 
various periods 



1, Working Drawin gs 

(a) Residence plans: preparation of working drawings of a small residence 

at a scale of £ ,! = l 1 - 0", complete with details such as wall sections, 
windows, main entrance doorway, porches, cornice, bay windows, dormers, 
kitchen cupboards, staircase, mantel and interior trim 

(b) Some exercise in inking 

(c) Kechanical equipment layouts: piping diagrams for hot-water heating 

tnd v/ater-supply systems; duct layout for the heating and ventilating 
of a small building 

(d) Structural steel details: working details using standard shapes for 

steel-framed floor bay or sirailiar project 

(e) Surveys: drawing of a land plot from no ter, prepared in the field, showing 

buildings, natural features, levels, lineal* and angular measurement sj 
measurement of building details 

2. Ifriildinn Materials and Methods 

The work of Grade 11 extended to include the following topics 

(a) Running lines and staking out 

(b) Organization of work and sequence of trades 
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(c) The study of plumbing installations including materials and construction 
of drains, soil pipe, wastes, vents, traps, fixtures, septic tanks, hot 
and cold water supply, gas piping 

(d) Heating installations; comparison of warm-air and hot-water systems, 
gravity and forced circulation; gravity or forced air conditioning; 
radiant heating; boilers, radiators, pipe and fittings, controls; 
elements of air conditioning; fuels; calculations for heat loss, radia- 
tion, duct work; types of insulation, points of application 

(e) Electrical work, service entry, switches, distribution, circuit arrange- 
ments; armoured cable, non-metallic cable and rigid conduit installations 

(f) The study and preparation of specifications for a small residence 
covering excavation, masonry, rough and finished carpentry, lathing and 
plastering, sheet metal and roofing, tile work, painting and glazing, 
plumbing, heating and electrical work 

3 • Structural Design 

(a) Properties of sections: centroids, moment of inertia, moments of inertia 

for rectangles, circles and triangles; section modulus 

(b) Design of beams and lintels: steel sections, timber sections; types of 

lintels 

(c) Column design: short columns, long columns; end conditions: least radius 

of gyration; slenderness ratio; column formulae pertaining to steel 
columns, A.I.3.C, and C.I.S.C, Codes, local municipal by-laws; timber 
columns 

(l) Timber construction; design of various structural members in timber 
such as floor joists, girders, ceiling joists, built-up sections, 
columns and rafters; uses of laminated wood 

(e) Steel construction: design of steel beams and columns, use of open-web 

steel joist and long span steel joist 

(f) Reinforced concrete: design of a simple reinforced concrete beam, floor 

slabs, methods of reinforcing 



4. Perspective and Rendering 

(a) Extension of Grade 11 work to include instrumental perspective of 
architectural subjects in angular or parallel perspective 

(b) Use of conventional architectural shades and shadows 

(c) Problems in rendering using pencil, pen and ink, monochrome or full colour 
5 • Estimating 

To be continued from Grade 11 as noted in item 6 Architectural Drafting for 
Grade 11, 

' Models (Optional) 

ERIC a^e models of projects in various media 
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7* History of Architecture a nd Design 

(a) Continuation of Grade 11 work in the history of architecture with emphasis 
on the mediaeval, renaissance and modern periods. Materials and methods 
of construction to be stressed. Freehand or formal drawings of details 

(b) Consideration of factors in design such as proportion balance, unity 
and scale as seen in historical examples, monumental and residential or 
in objects of everyday use 

(c) Influence of materials, utility and methods of fabrication in architectural 
or industrial design 

(d) Fundamental considerations of residential design and planning; financing, 
building standards, lot coverage, orientation, individual area planning, 
circulation and planned efficiency, the mode of life of the owner, future 
environment and detail planning 



Note: Since a residence is the simplest economic and social unit through which the 

teacher is able to draw on the student *s own experience as a background, it 
is suggested that all topics under sections 1, 2, 7(b) and 7(c) be treated 
as part of one whole unit. The student should apply such considerations to 
his own problem as far as possible. He should be made aware of the function 
and scope of the various trades and their interrelationship as part of the 
whole 

6 . Structural Design Draftin g 

To be continued from Grade 11 as noted in item h Architectural Drafting for 
Grade 11 



9* Surveying 

(a) Introduction: definition of surveying, types and kinds of surveys 

(b) Linear measurements: description of measuring tapes (steel and cloth) 

Proper use of steel tapes employing plumb-bob, hand level and tension. 
Errors in chaining - accidental, systematic, blunders. Field work - 
measurements over level ground and sloping ground 

(c) The level: description of the level, dumpy, wye and automatic; theory of 

levelling. Field work - differential levelling, profile levelling, cross- 
sections. Class work - plotting profiles and cross-section? 

(d) The transit: description of the transit; measurement of angles by repeti- 

tion; traversing; angular closure; azimuth and bearing 

Notes: One of the following topics is to be included in the course on Architectural 

Drafting, 




(a) Structural Steel Drafting - Item ^ Grade 11 

Where it is desired to offer instruction in Structural Steel Drafting 
this topic must be offered in both Gra'es 11 and 12, 

(b) Estimating - Item 6 Gra u e 11 

Estimating may be begun in Grade 11 and continued through Grade 12 or 
taught entirely in Grade 12. 

(c) Surveying - Item £, Grade 12 

If surveying is offered it is to be taught in Grade 12, 



ELECTRICAL DRAFTING 



Four-Year Programme Grades 11 and 12 
Grade 11 



All drafting procedures and symbols arc to be according to the standards 
approved by the Canadian Standards Association* 



1* Communicatio ns 

(a) Signal circuits involving signal lights, annuricators and audio signal 
devices such as bolls and buzzers. Both schematic and point to point 
wiring diagrams should be used to illustrate these circuits 

(b) Physical, layout of signal circuits 
2. D .C, Generator and tor Controls 

(a) Schematic diagrams and point to point wiring diagrams for D.C. generator 
controls 

(b) Schematic diagrams and point to point wiring diagrams for D.C. motor controls 

(c) Schematic diagrams and point to roint wiring diagrams for controls of 
M. G, set 

(d) Fhysical installation for a reasonably large I!. G. set, including the pad, 
the motor starter, metering and control panels and any other necessary 
equipment 

3# Commercial firing 



Note: It is suggested that the topics mentioned below should be taught as 

related to commercial building. 

(a) Conduit forks knowledge of conduit fittings, types of conduits, K.E.T.C. 
rules governing installation 

(b) Bus fork: bus risers, calculation of cross sectional area, supporting of 

bus bars, clearance requirements 

(c) Lighting Circuits: principles of illumination; calculations of candle 

power requirements. Lighting fixtures: types, illumination characteristics, 

lighting efficiency; fixture schedules; location of lighting fixtures; 
lighting circuit loads, wire and conduit sizes; lighting service panels 

(d) Service Entrances 

Installation of service entrance panels (switching and distribution) 

(e) Symbols 

C.^.A. Standards for architectural plans, legends 

■ i 

(f) Architectural blueprint reading 



4 , Mechanical Aspects of Electrical Drafting 




Topics such as tolerances, fits, surface finishes, allowances, bend allowances, 
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permanent and removable fasteners should be taught in conjunction with 
appropriate electrical equipment drawings 

(b) A general knowledge of gears and cams and how they are used In electrical 
equipment 



Grade 1 2 

All drafting procedures and symbols are to be according to the standards 
approved by the Canadian Standards Association. 



1 . Switchgear 

(a) Design of a simple metal clad switchgear assembly 

(b) Physical layout of metering, controls, and signal equipment 

(c) Point to point wiring diagrams and schematic diagrams for a typical power 
feeder. Include all metering, controls and signal equipment 

(d) Point to point wiring diagrams and schematic diagrams showing a typical 
circur't of a transformer supplying the switchgear. Include all metering, 
controls and signal equipment 



2. A.".. Generator and Motor Controls 



(a) Schematic and point to point wiring diagrams for A.C. generator controls 

(b) Schematic and point to point wiring diagrams for A,C. motor controls 

3. Designing Electrical Equipment 

The basic concepts which must be taken into consideration when designing 
electrical equipment such as electrical clearances, mechanical fits and 
tolerances, strength of materials and other manufacturing problems. Example^, 
design of a safety switch, a meter or some other comparable piece of 
electrical equipment 



4. Electrical Heating of Buildings 

(a) Controls for electric heating circuits 

(b) Installation of heating equipment 

(c) Problems involving electric heating such as heat loss, thermal insulation, 
calculation of the power required 

3. Electronic Drafting 

Packaging 

Schematic diagrams, point to point diagrams, highway diagrams and airline 
diagrams 

Chassis layouts 

Printed circuits 



(a) 

(b) 
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MECHANICAL DRAFTING 



Four-Year Programs* Grades 11 and 12 
Gr ade 11 

Note; All work to be done according t:> C.S.A, Standards. 



1. Detail and Assembly Drawing 

(a) Machine fastenings: selection of and correct specifications for machine 

screws, studs, bolts, nuts, washers, taper pins, cotter pins, regaining 
rings and other fasteners 

(b) Keys and key-*3eats 

(c) Threads: National and Unified; coarse, fine and extra fine threads, 

multiple threads, Acme, Square and Whitworth threads, right and left 
hand threads; pipe threads 

Familiarization with terms: pitch, depth of thread, major diameter and 

minor diameter 



(d) 

(e> 

(f) 

(g) 
00 



Machine fits, tolerance, C.S.A. standards 

Sections: revolved, removed, broken-out and phantom; assembly in section 

Drawing of machine parts from notes and sketches obtained by measuring 
actual objects 

Selection and use of coznnon metals and materials 

Specifying and listing detailed and stock parts on the drawing and in 
the bi 1 ! of material 



(i) Pencil drawing on transparent paper, inking and reproduction. Infon, 
should be touched on only briefly. 

(j) Use of lettering devices 

(k) Dimensioning - Introduction to and use of complete decimal and metric 
systems of dimensioning 

2 * Surface Finish 

Machining operations to include surface quality for appearance and application 
C.S.A. symbols f?r surface roughness, wayiness and lay 

3 ♦ C asting Design 

Elementary casting design and foundry practice 
4, Geometr . c Construction 

Geometric layout for an ellipse and helical, tangential, involute and cycloida 
curves 

5 C ams and Linkages 

(a) Development of cams to produce -miform motion, harmonic motion, variable 
motion and quick return motion 
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(b) Application of levers, cranks, linkages and cams to obtain various 
motions and movements in mechanical devices 



6. Gearing 

The greater part of the time for this topic should be spent on fundamentals of 
gearing, uses of various gears and formulae 

(a) Spur ge^rs: tooth parts; plotting tooth curves by the base circle method 

drafting problems involving details of pinions ^nd spur gears; working 
drawings of spur gears using the conventional symbols and data block 
instead of detailing tooth shapes 

(b) Bevel gears, right angle only 

7. Jigs and Fixtures 

A study of the layout of jigs and fixtures for performing machine operations; 
design and draw a simple jig such as a drill jig; application of shop mathe- 
matics in determining angles, offsets and in dimensioning 

5 , Pictorial Drawing 

The continuation of pictorial drawing as taught in Grade 10. Emphasis to be 
placed on pictorial sketching, Perspective drawing and sketching may be 
included if time permits 



9, Auxiliary Views 

Continuation of auxiliary views as taught in Grade 10. Introduction of 
secondary auxiliary views and revolutions 



10. Drawing of Fabricated Par ts 

Standard structural shapes, fabrication practices and welding symbols 

11. Forging 



Design and drawing practices 
12. Optional Topics 



i 

i 

i 
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(a) Standard structural shapes - introduction to the structural steel hand- 
book;. simple structural steel detail drav/ings, rivet symbols, pitch of 
rivets, dimensioning, gusset plates and base plates 

(b) Lap and butt joints, types of rivets, bolts and velds 

(c) Bill of material, calculation of lengths for rivets and bolt;; prepara- 
tion of rivet and bolt lists for shop and field work; paints and surface 
protection for structural steel 

(d) A study of the methods of constructing gear trains (spur, bevel, rack 
and pinion); speed-changing problems; calculation of the horsepower 
transmitted by spur £nd bevel gears using the Levis formula 

(e) Architectural Drafting: problems may be taken from the Architectural 

Drafting course of study for Grade il 

(f) Electrical Drafting: problems may be taken from the CUtrical Drafting 

course of study for Grade 11 
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Grade 12 



Mote: All work to be done according to C.S.A. Standards, 

1 . Machine Drawing and Desig n 

(a) Gathering data from catalogues, hand-books and reference books 

(b) Calculations of speed and feeds and sizes of gsar9 and pulleys 

(c) Shafts and couplings: flange couplings, shaft collars, fluted and 

splined shafts, universal joints, flexible couplings 

id) Eearings: friction and anti-friction, methods of lubrication; use of 

manufacturers hand-books 

(e) Sketching and dimensioning machined parts 

(f) Discussion of pattern making problems and moulding practice 

(g) Checking detail and assembly drawings for accuracy, dimensioning, proper 
drawing practice, design and function 

(li) Preparing weight sheets, cost sheets and material shop orders 

(i) Selection of materials: 3.A.E., and A«j r ,3,I, steels, various metals, 
plastics and other materials 

(j) Assembly and detail drawings; specifying and listing of detailed and 
stock parts on tho drawing and in the bill of material 

(k) Drawing on transparent paper, sepia intermediate paper and plastic film 

2. Gears, Cams. Linkages and Actuators 

(a) Use of formulae and prepared tables of gear data for advanced problems 
in spur ,.nd bevel gears, worm gears, racks and pinions 

(b) Drafting problems in the layout of devic, - -reducing mechanical movements 
by muans of linkages, cams and electrical, ; v draulic and pneumatic 
actuacor ^ 

(c) Transmission problems involving gears, shafts and bearings , such as in a 
geared winch or other geared drives or mechanisms 

3. Di es and Die Design 

Types of dies, blanking, punching, bending and any other type used in the 
local area 

Farts of a die set: die shoe, die, stripper and guide plate, guide pins, 

dowel pins, punch, punch holder, shank, guide-pin bushings and 3 tops 
Die set materials 

Layouts and drawings for a punching and blanking die set complete with 
specifications for materials 



(a) 

(b) 



(c) 
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U • Sheet Petal Pattern Drafti nr 

Problems combining several methods of development of surfaces; triangulation 
and radial line methods applied to such projects as the layout of ventilators, 
transition pieces, tapered funnel-top, measuring can, cornice rnd cornice 
mitres, sheet mccal caps and finials; the development of the sphere and hemis- 
phere us: nr the? gore and zone methods 

5 • strength of Materials 

Machine design and structural problems involving elements of strength of 
materials; simple tension, compression, torsion, bearing, direct shear and 
bending deflection; unit stress, unit strain, ultimate stress, elastic 
limit, safe working stress, factors of safety; use of hand-books to determine 
physical properties of materials 

6« heights of Material s 

Calculation of weights of castings, materials, structui'al steel, stock and 
machined parts 

7 • hew Materials, Processes and Techniques 

Pupils should be Made familiar with any new processes or techniques as they 
become accepted; such information might concern powder metallurgy, high temper- 
ature resistant alloys, materials with a low coefficient of friction, electric 
discharge machining, explosive metal forming, new metals, plastics and other 
materials 



Z • Drafting Office Routine 

Drafting office organization, filing and routing systems, division of staff 
duties and responsibilities 



9. O ptional Topics 

(a) structural steel drawing: graphical solutions for stress diagrams of 

simple frames such as derrick frar.es and Pratt and Fink trusses; design 
of a simple Fink truss complete vdth calculations for the members; use of 
the structural steel hand-books; the selection of standard shapes; 
efficiency of riveted joints; application of mathematics for calculating 
bevels and for accurate layout; bill of material and weight sheets; use of 
letter indications and match marks for assembly; erection diagrams 

(b) Piping: single line, double line and isometric; piping symbols 

(c) Architectural Drafting: problems may be taken from the Architectural 
Drafting course of study, Grades 11 and 1^ 

(d) Electrical Drafting: problems may be tf.ken from the Electrical Drafting 

course of study, Grades 11 and 12 

(e) Intersection of surfaces: plotting the lines of intersecticn of objects 

of various shapes joining at various angles 
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GRAHJIC ARTS 



Four -Year Programne Grades 9, 10, 11 and 12 
Grade 9 

Type Composition (Hand) 

1 • The California Job Case and Contents 

Character and purpose of the case; the lover case letters, plan and reason 
for arrangement; the capitals, numerals, punctuation marks, ligatures, spaces 
and quads 

2 # The Composing Stick 

Kinds, parts and adjustment; use, care, posture for setting; pulling a proc** 
in the stick; distribution from the sti^k; justification; simple flush lines 

3. Type 

Composition, parts, functions, fontage; characteristics of similar letters, 
how identified, type and print compared; point system of measuring; point 
system as applied to leads, slugs and other material 

4. Hand Composition 

Spacing, justifying, centering, quadding; indention and justification as 
applied to regular paragraph work; poetry, flush, indented, turnovers, 
quotations 

?• Proofreading 



Correction of wcrk with elementary introduction to the use of the principal 
marks and their meanings 

6 . Safety precautions applicable to equipment 

7. Technical and Trade Terms 

8. Careers in Printing 



Letterpress Presswork 



The Platen Press 



Development of the platen press, parts, care and oiling, inking, hand feeamg, 
cleaning form, vashing-up, packing platen, regulating impression, printers 1 
eystecn of measuranert, setting gauge pins, gripper and adjustment, lock-up, safety 
precautions, technical and trade terms 
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Grade 10 



Type CoPiPosition (Hand) 



3AFKIT; Shop rules, safety precautions and safe practices in the use of tools end 
equipment and in the handling of chemicals should be stressed* 

1* History of Printing (Cutenbarg to Bodcai) 



2, Review of Type Composition, Grade 9 

3 . E lementary Comp o sition 

IXunping and tying - methods, precautions and development of skill; pulling 
proofs on the galley - advantages, procedure and standard of cleanliness 
necessary; distributing from the galley; correcting in the stick and on the 
galley - general classification of corrections and proper procedure, special 
corrections including overrunni g\ punctuation marks and spacing - standard 
practice for the spacing of the period, comma, hyphen, colon, semicolon, 
exclamation mark, question mark, apostrophe, dash, parentheses and brackets 

4# The Point System 

The point system of sizes and measurements; point system ae applied to leads, 
slugs and other materials 



5. 

6 . 




Proofreading 

Symbols, use of symbols in the study of a proofread mode) ; assigned proofreading 

Special Composition 

(a) Numbering sentences and paragraphs: alternate us^ of numbers and letters 

(b) Setting indentions: review of regular paragraph indention and extension 

of study to include hanging, half-diamond, squared and diagonal 

(c) Setting numbers: three ways of expressing numbers; rules for comma, usage 

and examples of correct usage 

(d) Tabular composition: rules for procedure in setting up a simple example 

of tabulated form 

(e) Multiple justification: advantages and procedure 

(f) Leading 

(g) Initial letters: history, purpose, extent of use, rules for use in 

composition 

(h) Leaders and rules: examples, purpose, procedure for composition 

(i) Borders: purposes, concon types, margins, procedure for making butted 

rule border and mitred bordor 
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Composing Room Equipment 



1 



8 . 

9. 

10 . 

1 . 

2 . 

1 . 

2 . 

3. 

4 . 

5. 

6 . 

7. 




Hand mitering machine, lead and slug cutter, imposing stone, furniture and 
racks 

Single Page Lockup 

Materials, uses, positions and procedure 
Newspaper and Job Work Display 

Headings, subheadings, running heads and display lines 
Technical and Trade Terms 



Letterpress Presswork 
Review of Grqde 9 Pressworjc 
Hand-Fed Platens 



Putting job on the press; reading work docket, preparing press, putting form 
on, precautions, positioning, elementary make-ready, checking and proofreading, 
final approval 



Offset Printing— Plate Preparation 
Cleanliness and care in handling 
Types of Plates Available 

Light sensitive, paper and metal; direct image, paper and metal 
Copy Preparation 

Repro proofs, typewritten, individual letters, reprints, paste-ups, art work 
Auto-positive Film 

Handling of light-sensitive materials, developing and fixing, time and 
temperature factors 

Mounting and Stripping 

Tools and equipment, positioning, windows, opaquing 
Exposing the Plate 

Methods of exposure, time and light factors; developing chemicals and their 
proper use 

Technical arid Trade Terms 



< . 
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Offset Printing — Presswork 

1. Outline of the develonnent of the Offset Process . Advantages over direct 
lithography; 2 and 3 cylinder principles 

2. Care of the Press 

Lubrication and cleanliness; washup 

3. Press Clemicals 

Plate etch, fountain etch, plate gun, blanket wash, water, ink 

4. Press Control and Adjustments 

Inking system, dampening system, feeder mechanism controls and operation, 
delivery adjustments 

5. Operating Adjustments 

Balance of water and ink, handling of inks and chemicals, cylinder pressures 

6. Tyres of Plates 

Suitable chemicals and treatment on the press, proper storage and care of plates 

7. Technical and Trade Terms 

Grade 11 



Type Composition (Hand) 

SAFETY: Ehphasis should be placed on the development of safe practices in the 

handling and use of tools, equipment, solvents and chemicals. 



1. Review of Type Composition > Grade 10 
2* History of Printing (C\jcton to Mergenthaler ) 



3* Study of Materials 



(a) T^pe faces: classification into basic groups— Roman, Italic, Text, Sans 

Serif or Ck)thic, Script or Cursive, Square Serif, Novelty; a comparative 
study of available faces in the shop, identifying characteristics; Roman 
subdivided into old-style, modem, transitional 



(b) Recognition of type faces, type specimen book 



fc) Type sizjs: application of point system, fontage, alignment, shoulder 

depth 



(d) 

O 
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Type series 

Type families: development from original face— italic, bolder, lighter, 

condensed, extended; unity with variety 



87 



- £7 - 



(f) Letter-spacing: examination of various faces for proper letter-spacing 

(g) Rules, borders, ornaments: brass, machine, foundry; faces and body sizes, 

fontage, purpose, use and suitability 

4 • Foyer Machines (Saw find Vertical Hiterer) 

5. The Ludlow Typo graph 

6. Strip Material Caster 

7. Elementary Principles of Display 
S, Planning a Job 

A thorough study of the steps in planning ary piece of job-printin^ or advert- 
ising — analysis of copy, choosing important or salient points, selection of 
type faces, making sketches and a complete layout 

9. Job Composition 

A number of jobs to be developed as above, set, proofed, read, corrected and 
revised* This work to consist of many types of job work, e.g., business cards, 
envelopes, letterheads, tags, labels, rule forms and advertising; some may be 
broken for two colours and run on the press; jobs designed in related art 
classes may be set wherever possible 

10. Lockup and Imposition 

11. Advanced Proofreading 

12. Technical and Trade Terms 



Type Compoeltion (Machine) 

Type-Setting Machines: slugcaeting (Linotype or Intertype) and Monotype* Safety 

precautions 



1 . 

2 . 

3. 




Letterpress Presswork 
Review of Grade 10 Presswork 
Hand-feeding live jobs on platen presses 
Autom a tic Presses 

Farts, lubrication, feed mechanism, delivery, inking system, impression ana 
packing, lock-up, auxiliary equipment 

Kinds of cuts used in printing, originals and duplicates 

Use of Type-High Gauges 

Stock Handling 

Handling of stock before and after printing, cleanliness. Jogging, drying 
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7. Paper 

Mechanical and chemical pulps, sources of pulp, resultant paper, paper 
calculations, basic weights and sizes 

8. Ink 

Types of ink, suitability to paper, drying, manufacture 

9. Rollers 

Types of roller?, manufacture, glue and non-glue, care and cleanliness, proper 
washup solvent, setting 

10, Make-ready 

Underlays, overlays, interlays; standard m^rks used in marking out a make-ready 
sheet; positioning 

11, Press Troubles and Remedies 

12, Technical and Trade Terms 



Offset Printing — Plate Preparation 

1, Review of Grade 10 Plate Preparation 

2, Making a Negative (Line Copy) 

Construction of the camera; the process lens; iHumination; scaling copy; 
arranging the copy; positioning the lens, lights and ground glass; focusing 
the image (same size); focusing tro image for enlargements and reductions, 
tapes, per cent or coding; handling the film; exposing the film, time and 
light factors 

3, Cleanliness and safety precautions fo observe when handling chemicals; avoiding 
occupational dermatitis; effect of dust on film and negatives 

Developing the Negative 

Organization of the darkroom; preparation of chemicals for developing; effect 
of time and temperature; developing to an appearance and to a fixed time; 
rinsing and fixing the negative; rinsing and drying the negative 

5, Types of Cameras 

Parts and their functions; overhead, hcrl'.ontal, vertical and gallery 

6 , Copy Preparation 

Suitable copy; working with poor copy, over and under exposing 

7, Mounting p nd Stripping 

Gibing lines and touching-up broken image; corrections in negatives; opaquing, 
F R I CV°* °P a< I ua Anc * advantages; positioning of several elements of copy; page 
[position; fold and cut marks 




Making the Plate (Presensitized) 



Types of plates, advantages and cost factors; use of step guide; time and light 
factors; positioning flat ^ plate; exposing plate; developing the image; wash- 
ing and gumming the plate 

Causes of Plate Failure 

Poor plates and how to avoid them; uneven coatings, hot spots; under and over 
exposure; spreading of the image; use of long-run lacquer 

Types of Exposure Frames and Sources of Light 

Pressure frames and vacuum frames; incandescent, fluorescent, arc; protection 
of eyes from light sources 

Chemistry of Light-Sensitive Materials 

Chemicals, their compounding and application; effect of light on the coatings 
Technical anc Trade Terms 

Offset Printing-Pressvfork 
Review of Grade 10; safety precautions 
Application and growth of Lithography 
Servicing Dampening System 

Setting dampener rollers; re-covering dampeners, molleton, paper covers; pumicing 
and etching metals; names and function of parts 

Servicing Inking System 

Setting rollers; deglazing rollers; cleanliness; names and function of parts 
Lithographic Inks 

Ingredients, drying, additives, suitability to paper 
Papers 

Finishes, grain, standard sizes and weights; care in handling and storage 
Chemistry of Presswork 

Ingredients of press and plate chemicals; ph., what it is and its proper control 
Set-Off Precautions 

Paper handling; sprays (dry and wet), hazards and limitations 
Blankets 

Care in normal use; changing and rotating, proper tension 
Presswork Problems and How to Overcome Them 

Scumming, tinting, blinding walking off, streaking, register, etc. 

Technical and Trade Terms 90 
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Grade 12 



Type Composition (Hand) 

1 • Shop Rules and Jafety Precautions 
2* Review of Grade 11 Composition (Hand ) 

3. History of Printing (Canada) 

4 » Principles of Display 

Major principles; balance, harmony, contrast, proportion, action and lines 
Minor principles: repetition, variety, transition and unity 

5. newspaper or Magazine Advertising 

Requisites of a good ad: attract attention, arouse interest and suggest action 

Manner in which ads are received: layouts, mats, plates 

Marking up an ad, layout and copy; ad room procedure 

Setting headings and prices; use of borders; procedure in setting an ad 

6. Various Methods of Copy Fitting 
7* Practical Work 

Practical work in Grade 12 should Include job composition and advertisements. 

It may also include production of live jobs which will be used within the 
school. Use of Work Docket. 

£. The Ludlow Typo graph (Advanced) 

9. Lockup and Imposition including Patent Base Systems 

10. Numbering, Machines 

Types, us lockup and care 

11. Advanced Proofreading 

12. Reproduction Proofs 

Their use in the trade, methods, reproduction proof presses, lockup, paper, care 
and cleanliness 

13 . Estimating Costs 

14. Technical and Trade Terms 



Type Composition (Machine) 

Review of Grade 11 work. Advanced composition on Linotype, Intertype or Monotype 
Q ines. Care, maintenance and safety precautions. 

ERIC 
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Le tter pres 3 Fresswo rk. 

1. Review of Grade 11 Presswork 

2. Shop Standards 

Safety, cleanliness and quality control 

3 . Cylinder Presses 

History of cylinder presses; types: stop cylinder, two revolution, flat bed 

and vertical 

Packing: hard and so"t, precautions, results of over and under packing, 

hangers, depth of make-ready sheet 

Controls: names and parts, functions of press controls, adjustments 

Setting rollers: lateral and verti.cal setting, stripe and type high block 

Positioning form: avoiding spring, planing to bed, deadline, precautions 

Make -ready: reasons for make -ready, stopping, stabbing, mark-out, patch-up, 

hanging, spot -up 
Cause of wrinkles and slurs 

4. Automatic Presses 

Suitability for various jobs; lubrication, manufacturer's specifications; a 
thorough understanding of the controls., adjustments and minor servicing of 
the equipnent in the school shop; make«*ready as applied to specific presses 

5* Paper 

History, tuanufacturing proccssos, finishes and suitability for various types 
of work; stock handling and storage, tumidity and temperature problenis and 
control; j.urchasing stock, estimating costs, spoilage allowance, grain way 

6. Ink 

Composition of inks, matching colours, tints, additives for inks; suitability 
of inks arid driers for various papers; newer types of fast-drying inks 

7 . Special Make-ready 

Scoring, creasing and die cutting; perforating, embossing 

8. Process Colour Work 

9. Anti Set-Off Equipment 
Sprays, wet and dry; heat 

10. Thermography and Metallic ikiatlng 

11. Technical a nd Trade Terms 

Offset Prlr' in& — K a te_ Preparation 
Review of 0 rade 11 Plate Preparation. Saf ety Prec a utions 
Graining of Plates 
Different motals, methods, reason 
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3. Plate Coatings 

Chemicals used and methods of applying 

4. Storage of Prepared Plates (Sensitized) 

Time and atmospheric conditions 

5 • Making of Book Flats and Impo sitio n of Multiple Forms 

Margins and gutters; type of folding equipment and limitations; work arid turn, 
work and tumble, sheetwise 

6, Scribing Ruled Forms 

Tools and methods 

V. Line-Up Tables 

Types, advantages, ruling, positioning multiple copies or negatives; proper 
care and use of line-up equipment 

8, leaking of Combination Flats 

line and halftone elements; masking for two colour work, one negative; over- 
prints and surprints; plates requiring two flats, reasons and positioning, 
register marks 

9. Halftone Photograph y 

Types of screens: contact, grey and magenta; glass screens and auto-screen film 

Exposure computor: calibrating, measuring values of copy, estimating main and 

flash exposures; use of step guide; two exposure method; three exposure method 
Filters to increase and decrease contrasts; handling of screens, extreme care 
necessary; setting up flash lamp; how halftone dots are formed 

10, Halftone Developing 

Necessary time, agitation and temperature controls; visual inspection 
31. Process Colour Work (Theory) 

Filters, suitable film, copy, transparencies; register marks; dot etching, 
colour correction and masking 

12. Technical and Trede Terms 



1 . Safety Precautions 

2, Re view of Jrade 11 Presswork - relating learning to. larger eguipmeat 
3 • T ypes of Offset Presses 

^ • Setting Cylinder Pressures and Timing of Various Press Parts 



a mitmaai Cleaning filters and pumps; cleaning air lines; air line adjustments 



Offset Printing — IVesswork 
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6, Types of Plates 

Manufacture and preparation; advantages and disadvantages of each type 
7 * Inks 

Ingredients, their function and properties 

8. Pager 

Ingredients, their purpose and properties; estimating and costing, traue 
practice. 3 

9. Pressroom Problems 

Humidity and temperature control; register (paper distortion, packing of plate 
and blanket); scumming, tinting ink, plate image, print, sticking, streaking 
troubles 

10. Chenistry of Presgv ork 

Chemical ingredients and their purpose 

11. Auxiliary Press Equipment 

12. Colour Work 
Sequence and problems 

13 . Careers in Offset Print 5 

1 i* . Technical and Trade Tenns 

Binder Work 

1, Machines 

Paper cutter, stitcher, perforator, paper drill, folder, collator, padding press- 
Safety precautions 

2, Bindjry Operations 

Jogging, cutting, trimming, folding, drilling, perforating, stitching, padding, 
ruling, gathering, collating, binding, looselcaf binding, mechanical binding, 
varni Mng, bronzing, pebbling, stippling, embossing, wrapping, packing, 
labelling and mailing 

It is not expectod that -many of these operations will be performed in a school 
Printing Department. However, the student should be taught the work of a 
Bindery so that he may know what happens to ttui work after it leaves the !Yess 
Room, A tour of a book publishing company would enable the students to see 
many of these operations. 



O 
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INDUSTRIAL CH3KISTRY 



Four-Year Grades 11 and 12 

Grade 11 



The aim of the course is to produce chemical technicians who have a grounding 
in basic chemical theory and who also have considerable training in technique* 

The course in Industrial Chemistry nay vary somewhat from school to school 
and be influenced by the needs of local industry. 

1. General Chemistry 



TJote 1 ‘./hen pupils plan to write the Departmental deamination in Grade 13 

Chemistry at the end of the Grade 12 Industrial Chemistry Course , the 
teacher should ensure that all the tonics listed in the Grade 13 Course 
of Study are covered. In Grade 11 .many experiments should be done by 
the students to establish a firm understanding of equivalent weights, 
gas laws, vapour pressure, 

note 2 ^is course should include weekly reading assignments and practice in 
solving chemical problems. 

(a) atom: structure, size, weight, representation, quantum energy levels 

(b) 'Cay atoms unite: valence, covalence 

(c) Periodicity: atomic tables 

(d) Activity: development of activity list from experiments 

(e) Ionization: conductivity experiments, coloured ions, ionic equations 

(f) Reactions and equations: review of equations, practice in writing equations; 

hydrolysis with experiments; electrolysis with experiments, Downs cell, Gibb 
cell, Mall cell; experiments on equivalent weight 

(g) Metals: iron, cobalt, transition elements, principal properties of metals 

(h) Oxidation - reduction: examples, electron transfer; balancing redox 

equations 

(i) Equilibrium ? reversibility; law of mss action with experiments; dynamic 
equilibrium; Le Chatelier s principle; Haber process 

(j) Ionic equilibrium: acid-base theory; common ion effect; solubility product 

and ionization constant 



(k) Co-ordination: complex ions 



( 1 ) 




Periodic table: aLkali group; copper, silver and gold group; magnesium, 

calcium, strontium arid barium group; zinc, cadmium and mercury group (use 
in cells and electrodes); aluminum, amphoterisra; carbon, silicon, tin, 
lead; transition elements; alloys; compounds of inorganic carbon, industrial 
fuels (e.g. coke, water g&9 and coal gas); nitrogen and phosphorus, allot- 
ropes; arsenic, antimony, bismuth, transition from non-metallic to metallic 
properties; oxygen and sulphur, properties of oxygen, aulphuric acid, hydro- 
gen sulphide, thio-acids; halogena, preparation and gradations of properties 
within groups and periods 



2 
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Qualitative analysis y rovides a good review of chemical principles and an 
opportunity to work out equations. This topic embraces a study of the a* v p-li- 
catron of m ass action, ionization, solubility product, co -precipitation, 
conmon-iori effect, buffers and pi! control 

Mote: jemi-rdcro i. othods nay be used to save tine and chemicals and to 

encourage closer obs elevations* 



3. Quantitative analysis ( rravimetric) 

(a) Construct ion, care and use of balances: precision; sensitivity; rest 

point 

(b) Determination of: water of crystallization in a hydrated salt; hariun in 

barium chloride; chlorine in barium chloride; iron in ferrous onzncnium 
sulphate; nici.el in steel; silver and copper in a silver coin; lead and tin 
in solder 

Optional: additional analysis of materials oi local interest, e*p., 

coal, steel, limestone, petroleum r roducts 

it. "I a s a plowi ng 

Mature of the torch flame; grades of laboratory glass; making test tubes; fire- 
rolishing and florae annealing; bending and joining of tubing; making 1 tubes and 
1 tubes; ;iui..inr a wash-bottle; lipping; bottoming; making a thistle tube (optional) 

5 • Mineralogy 

United to a study of raw material sources for industry 
(a) Classification 

(u) : hy. f ;ical properties: colour, lustre, street, hardness, density 

(c) Crystals: systems, simple forms, lattice 

(d) Identification from a simple cnart or tables 

(e) Blow-ripe and dry reactions as- a review of chemistry 

(f) Ore deposits, mining terms, prospecting 

(g) Economic use3: abrasives, gems, refractories , pigments, decorative materials, 

ceramics, radio-active materials, etc. 

Grade 12 

1 * General Chemistry 

Continuation and completion of Grade 13 Chemistry 
2* Volumetric Analysis 

Comparison with gravimetric analysis in regard to accuracy, speed and Uisi s of 
calculations (.mole, molar; equivalent, normal) 




* W*-w**i 
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(a) Accuracy of pipette? and burettes 

(b) Making normal solutions: e.g., hydrochloric acid, sodium hydroxide primary 

and secondary standards 

(c) Review of pH: theory of indicators, end points, mixed indicators; titration 

curves (optional) 

(d) Determining the percentage of: acetic acid in vinegar; oxalic acid in a 

cleaner; sodium hydroxide and sodium carbonate in commercial caustic, soda 
ash, borax and boric acid 

(e) Determination of the hardness of water 

(f) Estimation of nitrogen in fertilizer, blcod, flour 

(g) Preparation of a standard permanganate solution and standardization against 
ferrous salt and 3 odium oxalate 

(h) The principles of reduction using stannous chloride, Jones reductor and 
hydrogen 

(i) Determination of the iron in iron ore 

(j) Use of standard cerium and titanium solutions 

(k) Determination of the calcium in calcium carbonate and iron in a ferric salt 

(l) Preparation of standard dichromace solution and the use of an inside 
indicator 

(m) Preparation of a standard iodine solution a*-“ a standard thiosulphate 
solution 

(n) Determination of: chlorine in bleach; sulphur o’Oxide in a sulphite; 

copper by iodine titration 

(o) Analysis of unsaturated oils, iodine number 

(p) Preparation of a standard solution of silver nitrate; potassium thiocyanate 
and absorption indicators and their application by Fajans, Mohr and Volhard 
methods 

(q) Gas analysis by absorption. Discussion of weighing devices and of the con- 
tinuous flow control meters 

3 # Geology and Fire Assaying 

Theory: (i) rock classification; (ii) rock 'itructures; (iii) geological 

eras and periods vith references to local rock formations and industries; 

(iv) taking of samples for ore analysis; (v) preparation of samples— 
crushing, grinding r Jigging, Wilfley table, sluicing, froth flotation 

Experiments: laboratory practice based on section 3 (a) (v); crucible assay 

of gold and silver ores; scorification of matte and speiss; cupellation; part- 
ing of gold-silver beads - use of assay balance; extraction by cyanidation 

97 
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4- Instrumental Analysis 

A study of the principles involved and the applications in process control of 
the following instruments: saccharimeter or refractometer , pH meter, automatic 

titrator, Messier tubes and colorimeter, photoelectrometer s fluorimeter, 
nephelometar, polarjmeter, spectrophotometer, r arr bomb calorimeter, viscometers 
of various types 

5 . Photography 

This study is to enable the technician to preserve records of laboratory set-ups 
and make micro -photographs and illustrations of processes and machinery* 

Mixing developer and fixer; developing the negative; printing by contact; camera 
values; film speeds; exposure meters; grades of paper; copying and enlarging; 
mounting; lenses, light, depth of field, filters, light and shadow effects; slide 
making; intensifying, reducing, dodging and special effects 

6. Organic Chemistry 

The vast number of organic compounds and their importance 
Nomenclature 

The carbon tetrad or tetrahedron; covalent carbon 
Determination of percentage composition of carbon compounds 
Graphic and structural formulae; isomers, homologues 

The petroleum industry and its products: alkanes, alkenes, alkynes, bottled 

gases, polymers; the cracking proc -*ss, extraction of products 

Alcohols: production and industrial uses 

Aldehydes as oxidation derivatives 

Ketones 

Acids: final product of oxidation; fatty acids; unsaturated acids 

Esters: soap, paint, perfume 

Comparison of syndets and soaps; soap manufacture, glycero?. and its uses 
Alkyl halides: ethyl bromide, methylene iodide, chloroform 

Ethers: dimethyl, diethyl, dioxane, ethylene oxide and cellosolve 

Acid chlorides as reagents 
Acid anhydride and chloral 

Hydroxy acids: glycolic, malic, lactic, citric 

Dicarboxylic acids: oxalic, tartaric, succinic 

Amides: acetamide, urea, thiocarbamide, plastics 

Amines: reducing agents, deoxidants, ethanolamine, triethanolamines 

Cyanogen derivatives 



(a) 

(b) 

U) 

(d) 

(e) 

(f) 

(g) 

(h) 

(i) 

(j) 
00 
<*0 
(m) 
(r.) 

(°) 

(P) 

(q) 

(r) 

(s) 
O (t) 
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INDUSTRIAL PHYSICS 



Four-Year Programme Grades 11 and 12 
Grade 11 



a result of the technological advances of recent years there is a demand 
for employees who have a much broader understanding of the physical sciences. 

The aim of this course in to produce industrial technicians capable of 
filling a wide variety of positions in industry where a basic knowledge of physics 
is required* 

This course would provide an excellent preparation for further study lead- 
ing to the Grade 2 and Grade 3 Engineering Technician Ratings of the Association 
of Professional Engineers of Ontario, 

The industries in the area will determine to some extent the depth of treat- 
ment of the topics outlined. 

Students should be given ample opportunity to perform experiments and use 
equipment. 

Note: Weekly problems should be assigned on the topics studied to provide exper- 

ience in their solution and to clarify and drill the principles involved. 



1, Accurate Measurements 



Review of the Fritish and Metric units for length, volume and mass; introduction 
of the K,K,S, system of units; the conversion from one system to another; prac- 
tice in the use of vernier calipers and micrometers, both metric and British; 
how to deal with approximate numbers and significant figures 



2, Motion and Forces 



Forces, inertia and Newton's First Law of Motion; meaning of vector and. scalar 
quantities; speed and velocity; concept of motion; uniform, variable and average 
velocities; uniform, average and variable acceleration; graphical representations 
of motion, displacement and acceleration; resolution and composition of vector^ 
quantities to find resultants; experimental determination of acceleration due to 
gravity; derivation of various formulae 

Mass and weight; gravitational and absolute units of measurement; Kewton's 
Second Law of Motion with experimental il? 'strations; momentum and impulse; 
Newton's Third law of Motion; the law of Universal Gradation 

The Law of Conservation of Momentum, its application; centripetal and centrifugal 
forces; angular motion with applications 



3. 




Energy, Work, l ower and Friction 

(a) Energy and Work : the meaning an] relationship between energy, (P.E. and 

K.E.), work and power; efficieniy; C.C.S,, M,K,S, and F,F,S« gravitational 
and absolute units for measurement; derivation of the formulae P.E. 55 nigh 
and K.K. r - -mv 2 

£<periir.Bnt s involving the inclined plane and the mechanical equivalent of 
heat g Q 
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(b) Power: the meaning of power; introduction of the watt, kilowatt and 

horsepower; brake horsepower using the ^ony brake 

(c) Friction: static, kinetic, rolling, sliding and fluid friction; experi- 

mental determination of the coefficient of friction; factors controlling 
friction 

(d) Lubrication 

4, Mechanics of Solids 



Experiments to determine the mechanical advantages of the three classes of 
levers; the application of levers in common implements; a study of moment of 2 
force applicable to level’s; centre of gravity 

Experimental study of ideal and actual mechanical advantages of pulley systems, 
the wheel and axle and the inclined plane; practical applications 

Experimental study of the wedge, screw, toothed gear, differential pulley an> 
complex machines 

5 . strength of Materials 

(a) Simple Stresses: review of forces and units? vector quantities; external 

and internal forces, equilibrium, action and reaction; tension and com- 
pression stresses; shearing stresses; stresses in thin pipes, cylinders 
and welded joints; safety factor 

(b) Properties of Materials: kinetic molecular theory and crystal lattice; 

stiffness, elasticity, toughness, ductility, hardness, malleability, 
strength, endurance limit; elastic properties of metals, Hooke's law; 

Young's Modulus; Poisson's Ratio; temperature stresses 

(c) Beams: theory, types and comparative strength, shear diagrams, bending 

moments, concentrated and distributed loads; section modulus 

( 0 ) Torsion: solid and hollow shafts, transmitted horsepower, helical springs 

(e) Metals and Non-Metallic Materials: characteristics, structure and properties 

(f) > sting methods: a study of tensile, compression, bending, hardness, impact, 

torsion, microscopic, supersonic and x-ray tests 

(g) Industrial Processes (Optional) 
t 0 Magnetism and Electricity 

Mote: 1 Wherever possible the topic of current electricity should be taught in 
the electrical laboratory. 



Note: 2 Experiments should be performed to illustrate the topics. 



(a) 




Magnets and Magnetism: characteristics and laws of magnetism; properties 

of magnetic lines of force; theory of magnetism with experiments to 
illustrate it; terrestrial magr.aMsm; magnetic fields about a conductor 
carrying a current; Right and Left Hand Rules; electrowaagnets and solenoids, 
factors affecting the strength of electro-magnets; hysteresis; the applica- 
tion of the electro-magnet in bells, relays and solenoid switches 



aoo 
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(b) Electrostatics : positive and negative electric charges; the Electron 

^heory; the meaning of electrical potential differences; capacitors and 
capacitance; a volt as one joule per coulomb; proof of a charge on the 
terminals of a battery; charging by induction; shielding; the escape 

of chai ge from a point; lightning rods 

(c) Current Electricity: review of the Electron Theory; review of voltage, 

current, resistance and their units of measurement; Ohm's Law; series 
circuits, parallel circuits, series - parallel circuits; wire table; 
formula for tne resistance of wires; electrical power; induction coils 

Generators; principles of A r C. and D,C, generators; paits and their 
functions, types and connections (schematic diagrams); effect of field 
flux and speed on voltage; factors affecting alternator frequency; single 
and polyphase generators; characteristic curves; application 

D.C* Motors: principle; parts and their functions; types and connections; 

counter emf. in motors; methods of starting D.C. motors; speed control; 
speed characteristics; application 

Alternating Current; the sine wave, cycle, frequency, maximum and effective 
values of sine wave voltage and current; inductance in D.C. and A.C. cir- 
cuits; phase relations, vectors; resistance, inductive reactance, impedance, 
application of Ohm r s Law to A.C. circuits; capacitance and capacitive react- 
ance; the series A.C. circuit, vector diagrams; serier resonance; power, 
power factor, phase angle; transformers. Three Phase: three- ohase voltage 

and current; star and delta connections 

A.C* Motors: a study of the principles, connections , speed characteristics 

and application of universal, three-phase induction , three-phase 
synchronous, and common single phase motors 

Instruments; the D'Arsonval galvanometer, the D.C, ainmeter and voltmeter, 
the ohnmeter; the wattmeter; the A.C. ammeter and voltmeter 

(d) Electrochemistry: elements, compounds and mixtures; electrolytes, elec- 

trolysis, electro-platii g, voltameter and annodizing; necessary parts of 
a cell, electromotive series, the dry cell, storage cells and the 
hydrometer 




Grade 12 



Students should be given ample opportunity to perform experiments and use 
equipment, 

Weekly problems should be assigned on the topics studied to provide exper- 
ience in the solution of problems and to clarify and drill the principles involved* 

3 , Accurate T e asurements 

\ complete review of Grade 11 measurements, C.G.3, , M.K.3, and F.P.3, systems 
and their use, specialized units for hardness, viscosity and hydrometry as 
applied to local industries 



2, Pound 



The origin of sound, nature of ,ound waves, transmission of energy by waves; 
Itudinal, transverse and torsional vibrations; frequency, wave length and 
Ef^IOcity; (V = IJL); pitch, amplitude and quality using the oscilloscope, oavart's 
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wheel and the siren; frequency by the vibrograph; nodes and loops in 
strings, plates and air columns; superposition of vraves to get quality 
and standing waves; laws of vibrating strings, harmonics and fund- 
amental frequencies; resonance in air columns; sound interference and 
beats; Herschej's divided tube; sympathetic vibrations; the ear; 
acoustics; industrial applications 



3 . L ight 

Mature of light, theories; nin hole cur, era; shadows; velocity of light; the 
Law of Inverse Squares for illumination; units of measurement - C.T,, ft. - 
candles, lumens, lamberts and foot-^.amberts; photometry to obtain C. r '.; 
reflection from plane mirrors; concave and convex mirrors; location and cal- 
culations for images; refraction through glass plates and prisms; Index of 
Refraction; convex and concave lenses; total reflection, critical angle and 
critical ray; colours of the visible spectrum; absorption and reflection of 
colour; optical instruments; the spectroscope for spectroscopic analysis; 
interference of livht by soap film and air wedge; measurement of wave length 
of sodium light by air wedge; the electromagnetic spectrum; the diffraction 
grating and Hewton's rings; ultra-violet and infra-red radiations; three 
dimensions 1 pictures; the huiran eye, persistence of vision, eye fatigue and 
colour blindness; the stroboscope 

Kuat 



Sources and nature of heat; expansion of solids, liquids and gases; coefficient 
of expansion of solids, liquids and gases; thermometry and pyrometry; Celsius 
or Centrigrade, Fahrenheit, Reaumur and Melvin scales; maximum density of water 
the gas laws; quantity heat measurement and specific heat; changes in state, 
fusion, vaporization and sublimation; refrigeration; moisture in the atmosphere 
and dew point; humidity and hygrometry; transfer of heat by conduction, con- 
vection and radiation; insulation, absorption and reflection of heat; air 
conditioning; mechanical equivalent of heat (electrical); efficiency; heat 
engines and heat pumps 

5. Hydraulic and Ineumatics 

(a) Fundamentals: concepts and definitions of fluids, solids, liquids and 

gases; density, specific gravity; hyarometry; Faume" and Twaddle ocalec, 
compressibility and elasticity 

(b) Liquids at rest: pressures within liquids; pressure due to pTwi-.y; 

hydrostatic pressure; Archimedes Principle, buoyancy; Pascal's law; 
surface tension; capillarity 

(c) Fluids in motion: fluid flv^- streamlines and tubes of flow; flow 

through a constriction; Pen uili's Principle; eflect of frici-ion on 
flow; viscosity; air foils; discharge from an orifice; turbines; osmosis 

(d ) Gas laws: air jressure; measurement of air pressure; Hoyle's Law; 

Charles 1 Law; elasticity, pressure gauges and barometers; diffusion and 
vajour pressure 

(e) Industrial Uses: fluid measuring instruments, fluid couplings, fluid 

pumps and fluid motors; fluid power and control systems; automation 
equ'jxient; hydraulic presses, hydraulic lifts and other industrial 

O applications of hydraulics 

:R)C 
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6. Electronics 



Note: Wherever possible this topic should be taught in the electronics 

laboratory. 

Electron emission, electronic tubes; half-wave and full-^rave rectification, 
the triode tube; the triode as an amplifier, rectifier and oscillator; the 
thyratron and its characteristics, phase shift circuits; interpretation of 
schematic diagrams; magnetic amplifiers; voltage doublers, and three phase 
rectifiers; high frequency induction and dielectric heating; photo-relay 
circuits. Industrial applications of diodes, triodes, transistors and 
thermistors 

7. Aerodynamics (Optional) 

8. Nuclear Physics (Optional) 



0 
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MACHINE SHOP PRACTICE 

Four-Year Programme Grades 9, 10, 11 and 12 
Grade 9 



This course covers the theory and operation of standard machine tools, bench 
work, layout, measurement, testing, Inspection and metallurgy 

SAFETY: The importance of good safety habits must be recognized by all pupils, 

The safety precautions that a good workman observes to ensure his personal 
safety and the well-being of others should be stressed 

1. Hand Tcols and Bench Work 



Trade cescription and proper use of the following: soft and hard-faced hammers, 

chisels, punches, files, hand hacksaws, taps and dies, vises, standard wrenches, 
screw -rivers, letter and number stamps and abrasive cloth 

2. Layout Work 

Preparation of metal surfaces for layout with copper sulphate, chalk and layout 
dye. To layout work from blueprints or drawings using the steel rule, combina- 
tion sit, divider, scriber, hermaphrodite caliper, surface gauge, layout punch 
and centre punch 

3. Measurement 



The care and use of the steel rule, calipers, outside micrometers and graduated 
col lar s 

4. Machine Tools 



(a) Lathe: types and sizes; the care and lubrication of lathes; ident If ic ,L ur, 

of the headstock, tailstock, drive plate, centres, bed, carriage and eper^ 
ting controls. To set up for and perform the following operations: p * a 1 (1 

turning, facing, turning to a shoulder, grooving, turning a taper ur Ing ,i.p 
tailstock offset method, taper turning using the compound rest, knurMi 
filing and polishing. The construction features and application of 3 no '* 
jaw chucks and practice in their use 

(b) Horizontal Milling Machine: types, sizes and the care of horizontal milli g 

machines; identification of the column, knee, saddle, table, arbor, spindle, 
overarm, arbor support and operating controls; plain milling; side mil * lg 

(c) Drill Press: types, sizes and care of drill presses; identification i t 

th^ base, column, table, quill, spindle and operating controls; twist C ; 11 
parts. The pupil should be made familiar with the setups for the foil ing 
operations: drilling with the work held in a vise; drilling with the work 

clamped to the table; drilling a blind hole; drilling a hole through the 
diameter of a cylinder; countersinking; drilling with the aid of a jig 

(d) Fedestal or Bench Grinder: instruction in safe operating practices - t e 

protection, position of work rests and guards; offhand grinding practices 
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(e) Power Saw: types and care of power saws; setting up and cutting work to 

length; use of cutting fluids 

(f) Shaper: identification of the frame, column, ram, cross rail, saddle, 

table, table support, tool head and operating controls; shaping a plain 
surface; shaping work surfaces at right angles 

5. Hot Metal Working; operating the forge or furnace; simple forging; simple 
hardening, tempering and case hardening 

6. Finishing: draw filing, polishing, abrasive belt and disc grinding, rust 

proo f ing 



G rade 10 

SAFETY: The safety precautions that a good workman observes to ensure his personal 

safety and the well-being of others should be stressed. 

1 . Hand Tools and Bench Work 

Types and uses of wrenches; types and uses of hand hacksaw blades; filing - 
removing burrs and sharp corners 

2. Layout Work 

The preparation of metal surfaces to facilitate layout. The. use of additional 
layout tools such as a combination set, surface plate and templates 

3. Measurement 

The purpose, types, construction, care and reading of micrometers, protractors 
and graduated feed collarr. The use of micrometers, protractors, graduated 
toed collars, plug, ring and thread gauges 

4. Machine Tools 

(a) Lathe: centre drilling; drilling in the lathe; cutting speed calculations; 

setting feeds and depth of cut; standard tapers, characteristics and use; 
taper turning attachment, caicul at ions and application; short taper and 
angle turning using compound rest; tiu? Unified Screw Thread System, nomen- 
clature and calculation!,; ciiLting a Unified Screw Thread 

(b) Drill P^ess; fractional, letter and number drills, selection and use; 
calculating tap drill size; drill holding devices; cutting speed cal- 
culations; selection of feeds for drilling; drilling to a depth; counter- 
boring, countersinking and spot facing; use of cutting fluids 

(c) Shapti: sitting length and position of stroke; study of the cross feed 

median i s; ■<; .hi ping a vertical surface; sequence of operations for shaping 
rectangular vu k 

(d) Horizontal Milling Machine: changing an arbor; changing a cutter; sequence 

■ >f ‘per at i , ns for mi 11 in.; rectangular work; simple operations and calcula- 
tions i >r the us< ni a dividing head set; cutting speed calculations 

ERIC 
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(e) Vertical 'tilling Machine: types, sizes and care of vertical milling 

Machines; comparison of horizontal and vertical Trilling machines; 
identification of the column, knee, saddle, table, spindle and operating 
controls; rilling a plain surface; milling work surfaces at right, armies 

(f) Pedestal or Pench Grinder: further instruction in safe offhand grinding 

practice 

(g) Surface Grinder; types, sjzes and r_re of a'irfacc grinders; itientific iMon 
of the main parts such as the wheel, spindle, table, cross slide, column 
and operating controls; the care and operation of magnetic chuck"; demag- 
netising the work; grinding plain and parallel surfaces to given dimensions 

(h) Contour-cutting Band 3aw; types, sizes and care of contour-cutting band 
saws, identification of the main parts; selection and use of blades; 
elementary sawing operations; band filing 

5. Elementary Metallurgy: shop tests for identifying common metals; physical 

characteristics and uses of ferrous and non-ferrous netalo; hardening and 
tempering; ca se -hard eni rig 

o. Hot Metal Working: forging, drawing and shaping 

7 » Fasteners: identification and use of fastening devices, e.g. rivets, bolts and 

nuts, cap screws, self -tapping screws, flat and lock washers, jam nuts, keys 
and special fasteners 

8. Repair and maintenance: types oC belts, selection, proper operation and repair; 

power transmission and speed changes; bearing types, grease and oil fittings 
and special lubrication systems 



Grade 11 



3AFETY: The importance of developing good safety habits should be emphasized. 

1. Hand Tools and Pench Work 

File types, sizes and cuts and their applications; precis 3 on filing of flat and 
irregular surfaces; typ *. „ characteristics, care and use of hand reamers; 
reaming parallel an ta^r holes; drilling with a portable electric drill 

2. la yout Work 

A study of the vernier principle and its application to measuring tools; layout 
work involving the use of the vernier protractor, the vernier height gauge, the 
surface plate, the surface gauge and precision V block 

3 . Measurem ent 



The purpose and application of the vernier micrometer, inside micrometer, depth 
micrometer, vernier caliper, telescoping gauges, dial indicator, thickness gauges, 
profile gauges and gauge blocks; the care and storage of precision instrument? 
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4. Machine Tools 



(a) Lathe: the internal construction of the headstock, apron and tailstock; 

cutting speeds and feeds; truing and grinding of damaged centres; align- 
ing centres; freehand form turning to a gauge; the angles and cutting 
action of lathe cutting tools; grinding lathe cutting tools; cutting right 
and left hand Unified threads, calculations and applications; three-wire 
method of measuring threads, calculations; taper turning and fitting to a 
gauge; steady arid follower rest applications; drilling, boring and reaming; 
construction and use of common types of lathe mandrels; construction, use 
and care of collets; construction, types, use and care of 3-and 4- jaw chucks 

(b) Drill Press: types of drill presses; clamping irregularly shaped work; 

drilling, countersinking and counterboring various metals; types, char- 
acteristics and use of machine reamers; application of jigs and fixtures 
to drilling operations; tapping attachments and their use 

(c) Shapsr: cutting speeds and feeds; cutting tools, materials, angles and 

cutting action; principle of fast return mechanisms; machining irregular 
and angular surfaces; serrating - method and applications; keyway cutting, 
external and internal 

(d) Horizontal Milling Machine: speeds and feeds; work holding devices, such 

as clamps, vises and fixtures; types of milling cutters, selaction and 
application; conventional and climb milling applications; side milling, 
straddle milling; sawing and slitting; milling machine attachments and 
their applications; end milling; form milling with form cutters; milling 
with fly cutters; direct and plain indexing; spur gear cutting; purpose 
and application of cutting fluids 

(e) Vertical Milling Machine: types, sizes and care of vertical milling 

machines; milling a plain surface; milling surfaces at right angles; mill- 
ing an angular surface; the use of collet chucks; the use of end mills; 
milling slots and keyways; application of slotting attachment 

(f) Pedestal or Bench Grinder: grinding lathe and shaper cutting tools, grinding 

drills; grinding wheel construction, characteristics and marking systems; 
truing and dressing wheels, adjusting work rests 

(g) Surface Grinders: names of operative parts; construction and care of 

magnetic chucks; truing and dressing a grinding wheel; demagnetizing; 
precision grinding of flat, and parallel sur faces; grinding work surfaces 
at right angles to each other; grinding angular surfaces 

(h) Fortable Grinders: grinding lathe centres in the lathe; external and 

internal grinding in the lathe; hand grinding at the bench 

(i } Contour Cutting Band Saw: types, sizes and care of contour cutting band 

saws; identification of the main parts such as the table, upper and lower 
drive wheel? , upper and lower blade guides, blade tension controls and 
other operative parts; cutting speeds for ban'* sawing; types, sizes and 
selection of blades; butt welding of band saw blades; sawing of simple 
and complex contours; band filing; introduction to friction sawing 
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5 . Metallurgy 



The manufacture of irons and steels; the S.A»E. system for classifying steels; 
characteristics and applications of alloy steels; characteristics and applica- 
tions of common non-ferrous metals; a study of the carbon content of steel and 
its effect in the hardening process; a study of the structural changes that 
occur in steel during the hardening, tempering, annealing and normalizing process 



Grade 12 



SAFETY: Safe working procedures should be stressed at all times, 

1. Hare* Tools and Bench Work 

Further practice to develop skill in precision filing; types of bearings - sleeve 
babbitt and anti-friction - their lubrication; types of fits - running, push, 
driving, force and shrink; machine fitting including the scraping of flat and 
curved surfaces; ]apping; the preparation and application of abrasives, pre- 
paration of laps and testing of lapped surfaces 

2. Layout Work 

Precision layout involving the use of tool-makers 1 buttons, trigonometrical 
calculations, sine bar, gauge blocks, vernier height gauge and precision planer 
gauge; cam layout, layout for eccentrics 

3 . Measurement and Inspection 

Use of the gear tooth vernier caliper, thread micrometer, small hole gauges, 
gauge blocks, sine bar, sine plate, standard measuring rods, vernier height 
gauge, dial indicator, master square, comparator and other gauges; the measure- 
ment of surface finish; the functions of measurement and inspection in quality 
control 

k* Machine Tools 



(a) Lathe: eccentric turning; cutting Acme, Square, internal and multiple 

start threads; calculations for cutting the above threads; setting up and 
truing work with a dial indicator when work is held in a four jaw chuck 
or on a face plate; precision location of holes with the aid of tool- 
makers f buttons; application of form turning too-s; the principle of 
reproducing a form on a work piece by using a tracing attachment ; the 
principle of relieving form cutters using a backing-off attachment 

(b) Horizontal Milling Machine: the calculations involved in differential 

indexing, heliual milling and can milling; precision hole location by use 
of measuring rods and dial gauges; the milling of helical gears, bevel 
gears, worm gears and cams; angular indexing; graduating flat and 
cylindrical surfaces; a study of tooth construction and materials for 
single and multi-vooth milling cutters; boririg with a micrometer boring 
head; these operations should be precision milling operations incorporating 
the use of graduated collars, diix indicators, gauge blocks and tool- 
makers 1 buttons 
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(c) Vertical Killing Machine: jig boring; milling T slots and dovetails; 

use of the rotary table; the principle of form duplication using a 
tracing attachment; introductory die-sinking operations 

(d) Radial Drill Press: types, sizes and care of radial drilling machines; 

the identification of the t se, column, arm, spindle, drilling head and 
other operative parts; drilling, counterboring, countersinking and tap- 
ping; setting-up, clamping irregularly shaped work to avoid stresses 

(e) Cylindrical Grinder: names of operative parts, adjustments and operation; 

setting speeds and feeds; parallel external and internal grinding; grind- 
ing external and internal tapers 

(f) Cutter and Tool Grinder: names of operative parts, accessories, adjust- 

ments and operation; types and shares of grinding wheels and applications; 
sharpening the following cutters - straight and helical toothed plain 
milling cutters, side facing cutters, end mills, reamers and form cutters 

(g) Surface Grinder; types and selection of grinding wheels for various 
materials and applications; the application of the sine chuck, V block, 
magnetic V block and magnetic parallels; an introduction to form and 
crush dressing of grinding wheels; the application of cutting fluids to 
surface grinding 

5. Metallurgy 

A study of the principle and application of the thermocouple and pyrometer; 
an advanced study by experiment of the granular structure of heat-treated 
steels; further experiments in hardening, tempering, quenching, carburizing, 
annealing and normalizing; water, oil and air hardening of steels, their uses 
and heat-treatment; hardness testing methods such as Brinell, Rockwell and 
icleroscope; experiments in tensile, compression and shear testing of samples 
and standard manufactured products 

< # Carbide and Ceramic Tools 

A study of the composition, purpose and application of carbide and ceramic 
cutting tools 

7, Tool Making 

The types of woik done by the general tool-maker, jig and fixture maker, mould- 
maker, special machine builder; types of dies, moulds, jigs and fixtures; con- 
struction of punches and dies, jigs and fixtures and moulds 



C, hydraulics 

A study of the principles involved in the hydraulic control of machine movement 
such as pumping mechanisms, valve mechanisms, hydraulic cylinders and hydraulic 
motors 



V. 




A study of the principle and application of recent developments in the machine 
industry such as: electrical discharge machining, electro -chemical machining, 
numerical control of machine tools, powder metallurgy 
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Four-Year Programme Tirades 9 , 10, 11 and 12 
Grade 9 

3AFETY: Safe practices in the use of tools and equipment should be stressed. 



1. Threaded Pipe 

(a) General: weights, materials, types, nominal sizes and uses of black and 

galvanized pipe 

(b) Cutting: types of cutters and cutting procedures 

(c) Reaming: types of flftmers, reasons for reaming and reaming procedures 

(d) Threading: pipe thread principles, the American standard pipe thread, 

pipe stock and die theory, types of stocks and dies, cutting oils 

(e) Measuring: thread engagement, fitting allowance, standard measuring 

practices; pipe project using ^ lp and g 11 pipe 

(f) Fittings: types, and uses of elbows, tees* bushings, unions and nipples, 

straight and eccentric couplings 

(g) Assembling: type: of vises: types of wrenches; pipe joint cements and dry 

jointing materials 

(h) Valves: uses, operating principles and construction of the plug val/e, 

the compression stop and the compression stop and waste 



2, Coprer n ip e 



(a) General: weights and types used in water piping 

«. 

(b) Fittings: cast and wrought fittings 

(c) Cutting and Reaming: tubing cutters and the hacksaw; cutting to measure- 

ment; allowance for fittings; methods of reaming 

(d) Assembly: oxidation; abrasive materials; cleaning the end of the tubing 

and the fitting; types of soldering fluxes and application; types of 
solders; soldering procedures; capillarity 



3 • Cast Iron Pipe 

(a) General; weights, sizes, types and uses 




(b) Fittings: types and uses of bends, offsets and branch fittings 

(c) Assembling: packia$, pouring and cau]king a vertical joint; safety pre- 

cautions; caulking' tools and their use 

(d ) ooldering: tinning a soldering copper; oxidation; soldering fluxes for 

various metals; composition and melting points cf soft solders; soldering 
lap seams on galvanized iron 
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4. Trade Theory 

(a) General: types of measuring rules and their use* calculating a 45° 

offset, transfer of heat; types of firepots and torches; fuels; safety 
precautions 

(b) Water Supply: water pipe layout; small pipe hangers; valve locations on a 

residential water supply system; range boilers and Hydro tanks; estimating 
material on a water pipe layout 

(c) Maintenance: repairing and adjusting compression type valvas and faucets 



Grade 10 



3APSTY: Safe working practices should be stressed. 



1, Threaded Pipe 

(a) General: layouts for roughing-in and finishing a water supply system; 

structural problems: cutting, notching, drilling joists and stuasy grading 
and alignment of pipe, supports and hangers 

(b) Valves: uses, operating principles and construction of gate and check 

valves 



2. Copper Flo e 

Weights and types of pipe; types of fittings used in drainage work; water piping 
installations; supports and hangers; protection from damage 

3. Cast Iron Pipe 

(a) Cutting: hammer and chisel method; safety precautions 

(b) Assembling: packing, curing and caulking a horizortal joint; use of a 

running rope; safety precautions * 

(c) Fittings: use and description of the Y, TY, tapped T (Single and Double), 

reducers and cleanouts 

4. Lead Work 



Tinning and using the soldering iron, preparing and making lap and butt joints 
in sheet lead 



5 • Trade Theory 



(a) General: safe working practices concerning ladders, rope and knots, 

chemicals and gases; methods of operating propane and gasoline firepot3 
and torches; safety precautions. Using a roughing-in book; calculating 
a two pipe offset; estimating material 




(b) Drainage: soil and waste stack layout; stack footings; hangers, rests 

and cla mps ; Plumbing Code Regulations; definition, purpose and types of 
plurbing traps; terminology 
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(c) Venting: reasons for venting; trap seal loss by syphonage and back 

pressure; types of back vents; grading vent lines; Plumbing Code 
Regulations; terminology 

(d) Later Supply: municipal supply systems; the water service; domestic 

automatic v;ater heaters; meters and by-passes; terminology 

(e) Valves: water closet float and flush valves, lever actions 

(f) Maintenance: repairing and adjusting gate and globe valves and water 

closet tank valves 

Grade 11 

SAFETY: Safe voi king practices should be stressed* 

1 * Thro .ded H re 

Reviov; of work in Grades 9 and 10; threaded drainage fittings, threaded railing 
fittings, brass pipe; waste and vent project using threaded pipe 

2. Copper Pipe 

Review of work in Grades 9 and 10; waste, vent and water pipe project using 
copper pipe 

3. Cast Iron Mpe 

Review of work in Grades 9 and 10; cast iron stack project; building trap and 
fresh air inlet project; ..11 projects must be subject to proper tests 

4. Lead Lork 

Soldering a water closet flange; wiping a 2 tr round joint 

5 . Trade Theory 

General: the Apprenticeship Act; basic plumbing principles; plumbing and 

public health; propel ties of water; the British Thermal Unit; atmospheric 
pressure; basic pump principles; areas and volumes; isometric piping 
diagrams; estimating quantities and costs of the larger projects; hard 
solders 

Drainage: municipal sewage systems, properties of vitreous tile, asbestos- 

cement and bituminous fibre pipe; drain supports; trenching; prohibited 
fittings; locating cleanouts; drawing and use of drain plans; weeping tile 
installation; simple floor drains; building traps; rainwater leaders; test- 
ing and inspection .procedures; fixture units and hydraulic loads; Plumbing 
Code Regulations; grading waste lines 

Venting: genera], venting practice; stack and wet venting; dual vents; 

trap seal loss; flashings; roof terminals; stack and vent system elevations 
trap and vent si~.es; Thumbing Code Regulations 

Later Jupply: private water supply systems; centrifugal and reciprocating 

jumps; commercial hot water storage tanks, location of valves on water 
supply systems; testing 3 nd inspection procedures; numbing Code Regulation 

Maintenance: causes and prevention of choked wastes and fixtures; dixgr.os- 

ing and locating stoppages; methods of clearing 
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Grade 12 



3AFETY: 3afe working practices should be stressed. 

1. Threaded Pipe 

Review of previous work 

2, Copper ripe 

Review of previous work, principles and methods of bending copper tubing] 

roughing -In copper stack, wastes, vents and water pipes 

3* Cast Iron Pipe 

Review of previous work] installing a combined sanitary and storm drain 

4, Finishing 

Roughing-in measurements for all common fixtures; layout of fixtures; handling 

and setting fixtures; installing chrome fittings and trim 

5i Lead /fork 

Wiping a round joint and 3 Tf upright joint; bending lead pipe 

6, Trade Theory 

(a) General: electrical, trenching and scaffolding hazards - safe working 

pre.ctices; the Trench Excavators Protection Act; Workmen’s Compensation 
Act; bench marks and the datum line; ventilation of washrooms? sewer 
gases; pressures and heads; licenses and permits; gas fitting practices; 
expansion of pipe lines; plastic pipe 

(b) Drainage: drain designs; methods of grading drains; supporting drains on 

filled ground; fixture floor drains; pumps and ejectors; grease traps and 
oil interceptors; blow-down tanks; back flooding; private disposal systems; 
indirect wastes; industrial waste lines; Plumbing Code Regulations; soil 
and waste stack elevations 

(c) Venting: loop and circuit vents; reasons for yoke venting and methods of 

installing; ccmbining trunk vents; Plumbing Code Regulations; vent stack 
elevations 

(d) Water Supply: pressure systems, shallow and deep well pumps; causes and 

cures of water hammer; sizing hot water tanks and heating units; temper- 
ature and pressure relief valves; circulating lines; tempering valves; 
hard and soft water; theory of water softensrs; installation of wate^ 
softeners; cross connections: J * :ir hazards and prevention; wa^er 

supplies in high buildings; Plumbing Code Regulations 

* 

(e) Maintenance: adjusting and repairing flushometer valves 
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SHEET MSTAL PRACTICE 



Four-Year Programme Grades 9* 10, 11 and 12 
Grade 9 

SAFETY: Stress safe practices in the handling of materials and the use of tools 

and equipment, 

1. Materials (Base Metals, Alloys and Coated Metals) 

(a) Common sheet metals - (e.g, galvanized iron, tin plate, cold rolled steel, 
aluminum, copper, brass and stainless steel) 

Description and uses 

Advantages and disadvantages of each 

Standard sheet sizes and gauges for ferrous and non-ferrous metals 
< b) Soft solders: compositions, melting temperatures, uses 

(c) Soldering fluxes - (e.g, muriatic acid, zinc chloride, rosin, sal ammoniac, 
soldering paste and phosphoric acid) - corrosive and non-corrosive fluxes; 
composition of fluxes; preparation of zinc chloride; purposes and uses of 
fluxes and dip solution; methods and reason for defluxing after soldering; 
handling of acids 

(d) Metal fasteners 

Tinners 1 rivets: weights and sizes 

Sheet metal screws 

(e) Wire 

Coatings 
Gauges and uses 

2. Measurement and Layout 
Use of squaring, measuring and marking tools 
Types of lines and common angles 
Scale drawings of patterns 

Plane surfaces, e.g. circles and regular polygons 
Laying out from a working edge and a centre line 
Templates and their uses 
Working drawings (orthographic projection) 

Notches and their uses 
Seam and reinforcement edge allowances 



(a) 

(b) 

(c) 

(d) 

(e) 

(f) 

(g) 
<h) 
(i) 

O 
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3. Hand Processes (Tools and Operations) 

(a) Cutting and notching: use of straight, aviation and combination snips; 

use of side cutting pliers and wire cutters 

(b) Bench stakes: descriptions, names and uses 

(c) Forming and folding over bench stakes; use of the mallet and setting 
hammer 

(d) Wiring: wired edge allowances; preparatory folds; forming wire; completion 

of wired edge 

(e) Grooving: grooved seam allowances; use and selection of hand groovers; 

completion of grooved seam; button punching 

(f) Soldering: weights, sizes and purpose of soldering coppers; conductivity 

of copper; oxidation and capillary action; tinning a soldering iron; 
soldering a lapped seam 

(g) Riveting: spacing, punching or drilling rivet holes; use of a rivet set 

(h) Hand lever punch: main parts; capacity; changing punches and dies, uses 

Machine Processes (Machines and Operations) 

(a) Foot operated squaring shear: main parts; capacity; safety precautions; 

use of side, back and front gauges. Securing a working edge; cutting on 
a line 

(b) Adjustable bar folder: main parts; capacity; setting and locking gauge; 

use of stops for various angles; types of folds, e.g. single hem, open, 
full and double closed folds 

(c) Standard hand brake: main parts; capacity; straight bending; forming a 

Pittsburgh lock 

(d) Box and pan brake: main parts; capacity, adjustment of fingers 

(e) Slip roll forming machine: main parts; capacity; breaking in material; 

feeding material between rollers; adjusting tension of rollers and 
forming cylindrical objects 

(f) Drill press: procedure for operations 



0 
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Grade 10 

SAFETY: Safe practices in the handling of materials and in the use, care and 

maintenance of all tools and equipment should be emphasized. 

1, Mgterials 

i " 

(;-) CcrnmoiJ sheet metals - (e.g, galvanized iron, tin plate, cold rolled steel, 

. hot rolled steel, aluminum, copper, brass and stainless steel) 

Common properties - e#g. tenacity, malleability, conductivity, ductility, 
specific gravity, metallic lustre, fusibility, resistance to corrosion 
Methods of manufacture 
Approximate unit costs 

( n) Fluxes 

Types 

Special applications 

/reparation of fluxes for various metals 

2, f easurement and Layout 

(a) Plane figures; circle and its parts, ellipse, pentagon 

(b) Bi ection of arcs and angles 

(c) Dividing lines and circles into equal parts 

(d) Pattern development 

Principles of parallel line development; cylindrical pipes; elbows; 
roof flanges; scoop; tee joints, Ul c and 90°, equal and unequal 
diameters 

Principles of radial line development; right cones; frustums; pyramid? 
(square and hexagonal) rectangular pitched cover 
Simple duct layout; elbows, offsets and branches 

(e) Laying out 

Transferring dimensions from a blueprint or drawing to the sheet meta.i 
in preparation for cutting 

Use of indentations for locating tending lines 

^ocedures for determining circumf erences of circles mathematically; 
step-off and circumference rule methods 
Perimeters; areas 

Adding seam allowances for double seams, grooved seam and Pittsburgh 
lock 

Drive and :p 3 n cleats 



3. Hard Process's (Tools and Operations) 

(a) Cutting 

Use of aviation, scroll, straight and cinved snips 
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(b) Folding and forming: use and recognition of bench stakes and improvised 

stakes in forming cylindrical and conical-shaped articles 

(c) Riveting 

Blind riveting 

Pop riveting, use of cranked pliers 
Method of removing rivets 

{d) Soldering 

Selection of soldering iron 

Timdng a soldering iron for overhead use 

Selection of proper fluxes 

Study of melting points of various solder alloys 
Tinning metals in preparation for soldering 

Proper application of solder to various types of seams: sweating; 

soldering dissimilar metals; soldering vertical seams 

(e) Double and bottom seaming 

Metal allowance required 
Preparatory folds 

Method of turning seam with mallet 
Drawing metal back from folds 

Squaring and tightening seams in both rectangular and cylindrical 
objects 

(f) Drive cleats and "S' 1 cleats 

Uses, methods of forming 
4, Machine Processes (Machines and Operations) 

(a) Continued use of squaring shears, bar folder, hand brake, box and pan 
brake for further fabrication 

(b) Slip roll former: cylinders and conical articles; wire; wired edges 

(c) Wiring machine: capacity, completing wired edges on flat and cylindrical 

objects 

(d) Tuir-ing machine; capacity, turning edges on flat and cylindrical work; 
preparation for wired edges 

(e) Ea3y edger: capacity, burring edges on flat curved surfaces 

(f) Lockfomor : capacity, attachments; forming Pittsburgh lock and flange 

(p) Wire bending machine: capacity, uses 

(h) Spot welder; capacity, operation and adjustments 



o 

ERIC 



117 



- 117 - 



Grade 11 



3AFSTY: Safe practices in the use, care and maintenance of tools and equipment 

should be stressed. 

1* Sheet Metal Problems 

Linear, angular, surface and capacity measurements} formulae for squares, 
rectangles, triangles, parallelograms, trapezoids, circles, regular hexagons 
and ellipses; estimating Material costs; ratio and proportion; powers and 
square root; seam and edge allowances 

2. Pattern Development 

Scale drawings should be completed of all developments. All patterns 
developed are to be regular trade size and fabricated in metal. 

(a) Geometric problems: erection of perpendiculars, bisection, construction 

of regular polygons, tangents, construction of the ellipse 

(b) Parallel line method: developments such as three- and four-piece round 

elbows; square elbows; ordinary tees and Y branches; trough and coping 
mitres (inside, outside, face); conductor heads and finials; register 
boxes; chimney cap or ventilator head; flashings (chimney and walls) 

(c) Radial .line method: developments such as funnels, regular and flat one 

side; flaring pan and pitched covers; tapering pails and measures; 
reducers 

(d) Triangulation method: principles; developments such as forge and exhaust 

hoods, rectangular to round fittings (symmetrical and non-symmetrical ) , 
square to square transitions, rectangular reversibles, reducers, furnace 
boots 

3. Duct Construction 

Low velocity systems: blueprint symbols for ventilating and air conditioning 

systems; gauges and types of metals and materials; cross and longitudinal 
seams; hangers and supports; elbows, tapers and offsets; streamlined branches 
and tee connections 

4, learns and Seaming Allowances 

Seams: standing, double, grooved, Jittsburgh lock, riveted, lined and rein- 

forced; fire door seams; amount of material required; common uses and advantages 
in fabrication and installation 

5 , Machine Processes 

Adjustable bar folder: adjustment fo^ tension on various gauges of metal, 

radius folds 

V. 

brakes: hand, box and pan types, tension adjustment and bending various 

gauges of metal, use of moulds, special fingers for radius bends 

Slip roll former: forcing wired articles, flaring articles 



(a) 

(b) 

© 
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(d) Beading and crimping: ornamenting, reinforcing and reducing cylindrical 

and conical shaped objects 

(e) Elbow edging machine: forming edges for rour.a elbows 

(f) Unishear, ring and circle shear: cutting patterns 

(g) Bar and tube bender: setting up and forming wire, rod and bar stock 

(h) dpotwelder: setting up and changing tips for various jobs, controls and 
their functions, care and adjustment 

(i) Continued use of squaring shears, brakes, wiring machine, turning machine, 
easy edger and lockformer for further fabrication 

(j) Bower machines: It is desirable that students obtain some familiarity 

with power-ope rated equipment, 

6* H and Processes 

(a) Soldering: forging soldering irons for various applications; soldering 

vertical and oveihoad seams; soldering various metals such as stainless 
steel, copper, lead and zinc 

(b) Cutting: use of double cutting snips, care and sharpening of cutting 

blades 

(c) Riveting! use of aluminum, brass and pop rivets 
7. Air Conditioning 

If a special shop for Air Conditioning and Refrigeration is available, Air 

Conditioning may be given as a related shop, if not Air Conditioning may be 

included in Gheet Metal Course, Refer to the Air Conditioning and Refrig- 
eration Course and select suitable topics. 

Grade 12 



SAFETY: Safe practices in the use of tools and equipment should be observed at 

all times. 



1, Pattern Development 

Scale drawings should be completed of all developments. All patterns 
developed are to be regular trade size and fabricated in metal. 



(a) Parallel line method: developments such as coping and flashing, inter- 

sections on irregular surfaces, elbow’s and branches, round and rectangular 
pipe and duct fittings, louvres 

(b) Radial line methods developments such as round arid rectangular eccentric 
tapers, stack heads, tapered elbows, cyclone separator 




(c) Triangulation method: developments such as eccentric transition fittings, 

machine and forge hoods, Y branches from round pipes of equal and unequal 
angles and diameters, rectangular Y branches with different areas for 
ventilation systems, regular and compound offsets, transition elbows 
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2 „ Duct Construction 



Low velocity systems: dampers, access doors and fire doors, louvres and 
screens, exhaust hoods and fume hoods, goosenecks, belt guards, flexible 
conuections and acoustical treatment, casings and housings 



3 . Se ams and Joints 

(a) Slower and ventilation systems: all seams involved in the fabrication 

and assembling of ducts and pipes such as riveted, slip double seam, 
hammered lock, drive cleat, S-cleat, standing seam and slip lock 

(b) Roofing and ceiling: cross and longitudinal joints for flat lock, 

standing seam .id batten roofing; expansion joints; box gutters; tynes 
of joints used and methods of manufacture for metallic ceiling, roofing 
and siding 

4. Hollow Metal Work 

Blueprint reading; metal thicknesses; bend allowances for sharp angle, and radius 
bends; forming procedure; methods of joining and seaming such as spot welding, 
riveting and welding (arc and acetylene) 

5. Qxy- Acetylene Welding (Optional but recommended) 

Note: Welding should be taken in the welding shop if one is available. 

History of oxy-acetylene welding; safety precautions; glossary of terms - 
welding and cutting; care and use of equipment - tanks, gauges, torch tips, 
valves; setting up and turning off equipment; pressures; tip sizes and 
material thicknesses; chemistry of flame (neutral, oxidizing and carbonizing 
flames); corner, butt, lap and fillet welds; welding and brazing light sheet 
metal and small structural shapes 

6. (ky- Acetylene Cutting (Optional but reconnended) 

Principles of oxy-acetylene cutting; setting up equipment; pressures, cutting 
tips; cutting along a given straight line freehand and with a guide bar; cutting 
a circular hole in light gauge sheet metal 

7. Arc Welding (Optional but reconunended) 

Fundamentals of arc welding; arc welding equipment; welding methods; safety 
precautions; electric motor driven arc welding machine, welding gineratc*: - 
current control; polarity (straight and reversed); electrode holders; types 
of electrodes; colour identification of electrodes; numerical classification; 
development of skill in, striking and holding an arc; welding symbols; prin- 
ciples of carbon arc welding 



6 . Machine Operations 



(a) Hand brake and box and pan brake: use of moulds for forming cornices and 

copings, use of special forming attachments 




(b) Rotary nachines: wider use of the elbow edging, wiring, turning and easy 

edger machines in the fabrication of pipe and duct fitting's; adjusting 
heads for end-play; correct position for various gauges of metal used 
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(c) Foot squaring shears; replacing, lining up and adjusting blades for 
shearing light and heavy metals 

(d) Pittsburgh lock former: adjusting for various gauges, special attachments 

(e) Power machines: It is desirable that students obtain, some familiai'ity 

with power-operated equipment# 

9. Sheet Petal Problems 

Stretchout lengths for elbows, offsets and pipe lengths; calculating diameters, 
lengths and areas for transition and Y fittings; estimating material and labour 

costs 

10 , S chaust. Blower and Ventilation Systems 

(a) Principles of air flow 

(b) Air flow characteristics of blowing and exhausting 

(c) Pressure drop through duct work 

(d) Layout of system from blueprints 

(e) Study of materials used in such systems 

(f) Capture and carrying velocities 
{g) Sizing of lines 

(h) Cyclones and dust separators 

(i) Fan types, sizes and application 

(j) A study of the testing and balancing of dust collection and conveying 
systems; test instruments 

(k) Inspection and maintenance procedures 
11# Air Conditioning 

If a special shop for Air Conditioning and Refrigeration is available, Air 
Conditioning may be given as a related shop, if not Air Conditioning nwy be 
included in Sheet Ketal Course. Refer to the Air Conditioning and Refrig- 
eration Courses and select suitable topics# 



O 
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USLDING 

Four-Year Programme 

Electric Arc Voiding 
Qxy- Acetylene 1 Welding 



Some schools in Ontario have separate shops for electric 
arc welding and oxy-acetylene welding and this course outline is 
set out in two separate units. For the teacher v/ho has the 
combined shop the required information should be taken from each 
unit. 
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vHXDIUG - ifl.HC T itIC AFC 
Four- Year Programme Grades 9, 1.0, J 1 -wi i 12 
Grade 

Note: If the pupils have not previously been a ,1- i : n tu: /-uV operation 

ol the acetylene equipment as outlined .in l\v: Ca<uin 9 O^y -A.'otylene 
course, thorough instruction should Lc g\v an , 

GAFoVI: i'hc pupils should be made familiar with the shop routine and the safe 

0 ] orations of all the equipment. 

.1 • Introdue tion V 

definition ana history of arc welding 

2 . Yei din/: aouin.icnl 

(a) Hoods: method of inserting clear and coloured glass; shade of lens, 

composition of helmets 

(b) Cables: ground and electrode connections and method of securing 

(c) Holders: different types and sizes 

3. rher/ry -nip ply 

/amplified explanation of current and voltage and their relation to good 
welding; simple welding circuit; method of obtaining current settings on 
different welders 

/+. Fundamentals of folding 

(a) Jtrihing ar. arc by scratching and tapping 

(b) Idler* rode angle* sound of arc, syeed of travel, formation of crater, 
frozen electrode, arc length 

(c) Types of weave motions, uniformity and appearance 
5 . iilcctrodcs 

The use of £6012 or £6013 electrodes; colour, identification, power supply 



PRACTICAL V/OiiK 




/elding C>; orations 

1,’ote: /.tress Ifce use of the welder's chipping hammer and wire brush to 

clean all deyosits. 

(a) Get up power source ready for operation; check min power switch, 
secure ground and electrode connections, adjust current setting 

fb) Insert clear ana coloured glass in helmets in proper locations 
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(c) Strike an arc and run parallel stringer beads on mild steel plate 
using l/g" E6012 and E^013 electrodes (Point out the need foi 
penetration and fusion) 

(d) Running parallel beads using crescent weave motions with 1/8" E6012 and 
E6013 electrodes on mild steel plate 

(e) Use of machinist's hammer, centre punch, scribers, dividers and square 

(f) Laying out straight lines and circles on mild steel plate with the use 
of soapstone 

2.- Cutting Exercises 

Note: If it is necessary for the pupils to cut their plates for practice 

exercises; by means of the hand cutting torch, all the safety pre- 
cautions should be thoroughly reviewed. For the practical cutting 
exercises consult the Grade 9 Qxy-Acetylene course of the Four- 
Year Programme, If machine gas cutting methods are desired then 
refer to the Grade 10 course of the Four-Year Programme, 



Grade 10 

SAFETY: Review the safety precautions “outlined , 

‘1, A review of essential topics of Grade 9 .Electric Arc Welding 

2, Formation of Reads 

(a) Effect of arc length, current setting, speed of travel and angle if 
electrode 

(b) Study of penetration, fusion, overlap, undercut, porosity, reinforce- 
ment 

(c) Technique of joining beads: starting position of elect: ode, change in 
angle and height for Joining, defects in joining 

3 , Electrodes 

(a) Types: shielded and unshielded, characteristics and applications, 

advantages of heavily shielded electrodes 

(b) Classification of electrodes: colour mark and power supply, different 

diameters 

(c) Operational characteristics of straight and reverse polarity electrodes 

(d) Alternating current voltage curve for welding 

U , Basic Joint Design 

Types of butt, lap, corner, edge and too joints; methods of preparing the 

edges for welding; application of each group of basic joints 

5 • Manufacture of Iror and Steel 

Note: Refer to Grade 10 Cbcy-Acetylene course Fcur-Tear Progr&mne 
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6. Fillet Welds 

Definition of a fillet weld; parts, types and defects; procedures for making 

good welds, different angles, speed of travel, proper size of fillet 

7. Multiple Pass Welding 

Multiple pass welds in groove, lap and tee joints; location of the different 

passes; strengthening fillet welds by multiple pass welding 

PRACTICAL WORK 

1, Welding Operations 

(a) Running stringer passes and crescent weave beads of 1/8" and 5/32 M 
straight and reverse polarity electrodes 

(b) Running parallel beads of 1/8” and 5/32" iron powder electrodes 

(c) Joining beads with 1/8 11 and 5/32" electrodes by nvaking breaks in beai 
welds 

(d) Preparing and welding a closed edge joint on i" mild steel plaie using 
1/8" E6012 or £6013 electrodes 

(e) Preparing and welding a full open corner joint of 120° using £" mild 
steel plate and 1/8" straight and reverse polarity electrodes; test 
completed wold 

(f) Assembling and welding a flush tee joint of £” mild steel plate using 
5/32" E6012 or E6013 electrodes; repeat using 5/32" E6014 electrodes 

(g) Preparing and welding a lap joint on £" mild steel plate using 5/32" 
E6012 or E6013 electrodes 



Grade 11 



SAFETY: Discuss safety precautions previously outlinod. 



1, A review of the practical exercises and essen' ial topics of Grade 10 course 

2, Comparison of Electrodes 

Standard iron powder , low hydrogen and low alloy electrodes; composition of 
fluxes on different electrodes; comparison of their operational characteristics 

3, Element? ry Expansion ard Contraction 

Effects oi heating and cooling, means of preventing distortion; pre-heating 
and post-heating; heat crayons 



4, Circular Welding 




Location of tack welds; angle of electrode, and ei 2 e of fillet according to 
thickness of pipe and plate; difficulties encountered in this type of weld- 
ing; proper procedures for completing weld and method of testing for leaks 
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5* Preparation of Specimens for Guided- Bend Test 

Preparation of the plates; procedures for running the beads; method of 
removing samples from welded plate for testing; testing the specimens 

6. Types of Steel 

(a) Low, medium and high carbon steels 

(b) S.A.E, classification system 

(c) Effect on steel of the addition of carbon, manganese, phosphorus, 
sulphur 

7. Study of Padding 

Application in industry; proper procedures for padding of plates, shafts, 
or any worn area 

8. Theory of Arc Welding 

(a) The five separate forces responsible for the transfer of filler metal 
to the base metal 

(b) The formation of the electric arc; ionization and method of globular 
transfer 

(c) A.C. sine curve; D.C* straight and reverse polarity 

(d) Arc blow and methods to counteract it 

9. Testing Welds 

Method of testing for tensile strength, ductility, fatigue; impact, nick- 
break, hardness and etch tests 

10. Measuring^ Stock for Bending 

See Grade 10 Gxy- Acetylene course, Four-Year Programme 

11. Study of Horizontal Welding 

Proper manipulation of electrode, multiple pass welds in groove, lap and tee 
joints 

12. W elding and Cutting on Containers For Flammable Substances 

(a) Thorough cleaning by steam and caustic soda 

(b) Filling container with water to point of welding (CAUTION - Provide a 
vent opening) 

(c) Use of carbon dioxide and nitrogen Instead of water 

13 . H eat Treatment of Meta ls 

O >ee Grade 10 Cbcy- Acetylene course, Four-Year Programme 
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1 h . Weldin'; Symbols 

i{cason for symbols; method of applying symbols to the different basic joints; 
application on blueprints 

15* Wrinkle Bending 

Definition of wrinkle-bending; advantages of wrinkle-bending over other methods; 
procedures for wrinkle- heading a pine 

PRACTICAL WORK 



1 • Welding Operation s 

(a) Preparing and welding a tee joint using 2 passes on V* mild steel plate 
with E6014 or E6Q28, 5/32" electrodes. Welding a lap joint with 2 
passes using the same electrodes on 3/8" mild steel plate 

(h) Repeat the above operations but use 3-pass welds instead of 2 passes 

(c) Preparing a square groove joint using a backing strip of 3/8" mild steel 
plate. Weld together using 5/32" standard and reverse polarity elec- 
trodes or iron powder type. Test by gtided-bend method 

(d) Preparing a single V groove joint on 3/8" mild steel plate with and with- 
out a backing strip. Weld together using 5/32 11 reverse polarity electrodes. 
Repeat the above exercise without the backing strip. Have 4 samples 
removed for testing by means of guided bend tost 

(< ) Welding a circular pipe of IV in diameter or over and having a wall 

thickness of rt least 3/16", to n V’ mild steel plate* Use 5/32" iron 
powder electrodes 

(f) Pad a piece of mild steel plate V* 6” x 6" using 1/8" or 5/32" standard 
c lo: trodes 

(y) Pad a mild steel shaft of IV' in diameter or larger using the sane 
electrodes 

(h) Running parallel beads on a piece of mild steel plate in the horizon- 
tal position. IJ-c both 1/8" and 5/32" straight and reverse polarity 

c lec trodes 

(i) Preparing and welding a horizontal lap joint using 1/8" reverse polarity 
c lectrodes 

(j) Preparing and vjeldJng a horizontal tee joint using above electrodes 

(k) Preparing and welding a horizontal single V butt joir.t with and without 

a backing strip using 1/8 1 ' reverse polarity electrodes, Test by guided- 

bend method 

(l) Preparing and welding the above joints without a backing strip but using 

5/32" reverse polarity electrodes 
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Grade 12 



SAFETY: Review the safety precautions previously outlined. 



1 . A review of the more difficu lt practical e xercises in_Grade II 

2. Types of Welding Machines 

A comparison o/ the sizes, construction, characteristics , advantages and 
disadvantages of A.C, transformer, D.C. notor generator, D.C. selenium 
rectifier and A.C. - D.C. transformer - rectifier units 

3. Vertical Welding (Upward and Downward) 

Angle of electrode, current setting, speed of travel, typical weave motions 
4 • Welding of High Carbon Steels 

Types of high carbon steels, types of electrodes, procedures in welding high 
carbon steels, defects encountered ir. .welding these steels 

5* W elding of Cast Iron 

(a) A review of composition of cast iron 

(b) Selection of electrodes for cast iron welding - ferrous and non-ferrous 
electrodes 

(c) Preparation of casting - chipping, drilling and studding 

(d) Pre-heating and post-heating procedures 

(e) Welding technique 

6. Carbon Arc Welding 

Explanation of carbon arc method - graphite and carbon electrodes; electrodes - 
sizes and current values; use of backing strips; operational characteristics 

7. Overhead Welding 

Safety pre.autionsj angle of electrode; current values; position of the 
operator; types of weave motions; location of the individual passes 

6, Hard Surfacing 



9. 




Types of hard surfacing electrodes and their uses; preparation of surface by 
removal of outside skin; method of depositing beads 

Pine Welding 

(a) Types of pipe - refer to Grade 12 Gxy-Acetylene Welding course, Four-Year 
Frograraae 

(b) Electrodes: types and sizes 

(c) Use of backing rings and inserts 
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(d) V/eldin g procedures 

(e) Method of testing welded specimens 

10. Aluminum Welding 

Aluminum and its alloys, metallic arc welding of aluminum, type and com- 
position of electrode, preparation of plates, welding procedures, flux 
removal 



11. A dvanced Expansion and Contraction 

Effects of expansion and contraction on welded frames, wheels and gears 

12. Elementary Metallurgy of Iron and Steel 

Refer to Grade 12 Qxy- Acetylene course of study, Four-Year Programme 
13* Tungsten Inert Gas Welding - A a C. and D,C. Current 

(a) Inert gases: argon, helium, neon, krypton, zenon and their uses in 

shielding 

(b) Description of T.I.G. process 

(c) Diagram of the T.I.G, torch 

(d) Size of tungsten electrodes and corresp ending coJlett3 and ceramic cups 

(e) Description of high frequency equipment, solenoid gas valves and flow- 
meters 

(f) Metals that can be T.I.G. welded 

1U* Estimating Electric Welding Costs 

Method of calculating number of pounds of electrodes per foot of weld, cost 
of electrical energy; labour costs and allowance for overhead expenses and 
depreciation 

15. Structural Steel Welding 

Study of structural steal shapes, angle Iron, channel iron, I-beams, H-beams; 
sizes and weights of structural steel shapes; v/elded joints used in structural 
steel welding; layout and preparation of simple joints; use of gusset plates 
in fabricating structural steel shapes 

16. Downhand Welding 

Angle of electrode; proper current and speed of travel; advantages and dis- 
advantages of downhand welding 

17* Special Welding Ap plications 

Note: If the following equipment is .,ot available the different types of 

machines end the method of operation should be discussed. 




Submerged arc welding; sen i -automatic and automatic welding of aluminum, 
stainless steel and copper; carbon dioxide process; inert arc spot welding 
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PRACTICAL WORK 



1. Vertical Welding 

(a) With £ u rnild steel plate in a welding jig, the running of parallel 
beads using l/8 ri and 5/32" reverse polarity electrodes 

(b) Preparing and welding a vertical lap joint and a vertical tee joint 
with same electrodes and using the same material as in (a) above 

(c) Preparing and welding a single V butt joint on 3/8" mild steel plate 
with and then without a backing strip and 1/8" reverse polarity 
electrodes • Test by guided bend method 

(d) Repeat the above exercises using 5/32" reverse polarity electrodes 

2, Overhead Welding 

The overhead welding operations to be performed are the same as in 1 above 
but with the plates in the overhoid position 

3* P ipe Welding 

Welding a 4" or 6" diameter pipe with heavy wall thickness using reverse 
polarity electrodes. Pipe may be rotated for welding. Cut out samples 
for testing by the guided bend method. Repeat the above exercise but have 
the pipe permanently fixed for an all position weld 

V. Downhand Welding 

Making a vertical downhand weld on light gauge plate using 1/8" and 5/32" 
diameter electrodes 

5, Cast Iron Welding 

Preparing a butt joint on a to 3/8" casting using ferrous and non-ferrous 
electrodes 

6, T,I,G f Welding 

(a) Connecting the specialized equipment to the existing source for T,I,G, 
welding 

(b) Running Lines of fusion on 2S or aluminum using different sizes of 
tungsten 

(c) Preparing and welding a corner, lap, tee and butt joint on the same 
material as above, using the proper size of tungsten for each operation 

(d) If stainless steel is available repeat the above procedures 

7, Structural Steel Welding 

Lay out and weld one angle iron frame using mitred corner joints 

Reinforce an angle iron or I-beam welded joint b> preparing gusset 
plates and then welding in place 
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WELDING - QXY- ACETYLE NE 
Four-Year Programme Grades 9, 10, 11 and 12 
Gr ade 9 

SAFETY: The oxygen and acetylene gas used in this type of welding may be 

supplied by a manifold system or a tank system. The pupils should 
be made familiar with the shop routine and safe operation of each 
type of equipment. 

1. The Development of Qxy-AcetyJ.ene Welding 

The definition and history of oxy-^acetylene welding; the introduction of 
the first acetylene welding torch; the importance of oxygen and acetylene 
gas in the flame; properties and methods of manufacturing oxygen and 
acetylene; the proper ratio of oxygen and acetylene to produce good com- 
bustion 

2. Equipment 

(a) Discussion of colour standards, fittings and threads, protective 
clothing, goggles, tools 

(b) Cylinders: construction of connercial cylinders; modern use of 

liquid oxygen; safety features and method of testing for leaks in 
cyliniers and nanifold 

(c) Pressure regulators: typos, function (tracing path of gases from 

cylinders through the regulators to lines); creeping regulator; 
diaphragm, adjusting screw, tension spring, pressure gauges; safety 
devices - colour, nuts, threads; rules for avoiding damage to 
regulator 

(d) Welding torches: different types; mixing head and interchangeable 

tip system; care of torch and tips; function 

3 • Ty pes of F lames 

(a) Carburizing, neutral and oxidizing; temperatures and their effect- on 
ths metal 

(b) Comparison between flashback and backfire; causes and remedies, safety 
rules 

U . Basic Joints 

(a) Types, proper alignment, method of tacking, selection of proper tip 
for Joint being welded, mothod of testing welded Joints 

(b) Comnpn welding defects: undercut, adhesion, poor penetration, lack 

of fusion, porosity 

5. Filler Rods 



Selection of types and sizes for avild steel only 
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6 • Introduction to Qxy -Acetylene Cutting Proce ss 

Elementary explanation of oxy-acetylene cutting; brief description of the 
cutting torch; method used for cutting a straight line on mild steel plate, 
using the freehand technique 



PRACTICAL WORK 

1. V/eldlng Operations 

(a) Proper use of machinists hammer, centre punch, scribers, dividers, 
■square 

(b) Laying out straight lines and the use of soapstone for marking steel 
plate 

(c) Assembling equipment - hose lines, regulators, torch 

(d) Opening and closing down oxy-acetyiene equipment 

(e) Obtaining the three types of flames and showing their effect on mild 
steel plate 

(f) Position and torch movements when running lines of fusion on thin gauge 
steel (Oiscuso the relation of penetration and fusion for good welding 
procedures) 

(g) Running lines of fusion on mild steel plate without and with filler rod 

(h) Running weave motions on mild steel plate with filler rod 

(i) Preparing and making a comer weld without and with filler rod 

2, Cutting Operations 

Hand cut straight lines on mild steel plate; use of soapstone, ruler and 

centre punch 



Grade 10 



SAFETIs Review the safety precautions previously outlined, 

1. Review essential topics of Grade 9 Acetylene Welding course 

2. Manual Gas Cutting 

Safety precautions; theory of cutting steel; the cutting torch, internal 
structure and function; chart for selecting tips, sizes and gas pressures; 
cutting attachment for combination cutting and welding torch; circle cut- 
ting attachment for hand cutting torch; circle cutting and piercing holes 
in heavy plate; straight and bevel cutting using a guide btr; conmon 
cutting faults 

3. M achine Gas Cutting 

O structure and function of machine and its use in industry; chart for 
F R i r electing tips, gas pressures and speed of travel; changes in procedures 
aiasStea °r b * Tel cuttln * ^dlus cutting 
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4. Ferrous and Non-Ferrous Metals 

Identification: spark test for low carbon steel, high carbon steel and cast, 

iron; fracture test for grain structure; colour; chip test, characteristics 
of the chips; colour test of copper, bronze and trass; physical properties 
of metals such as elasticity, toughness, hardness, brittleness and malle- 
ability 

?. Elementary Principles of Expansion and Contraction 

Expansion in -sheet metal, distortion and warping of edges; upsetting; effect, 
of heating in localized areas; effect of expansion and contraction on welded 
joints 

6. Manufacture of Iron and Steel 

(a) The principle and operation of blast furnace, cupola, open hearth 
furnace, Bessemer converter and electric furnace 

(b) Manufacture of: wrought iron; gray, white and malleable cast iron 

(c) Classification of steels by S.A.E. system 

7. Fillet Welding 

Definition, parts of a fillet weld; types of fillet welds - convex, concave, 
defects in fillet welds 

8. Measuring Stock for Bending 

Method used to calculate material required for a given circle, right angled 
frame and a chain link 

9. Elementary Heat Treatment of Metals 

Annealing, normalizing, hardening and tempering; heat treatment of small 
tools by air and oil hardening 



PRACTICAL WORK 

1 • Welding Operations 

Mote: A review of the more difficult exercises of the Grade 9 Oxy-Acetylene 

course. 

Running lines of fusion with a 1/6 H filler rod on #ll gauge mild steel 
plate 

Treparing and welding a square butt joint with the same filler rod as 
above and on the same material. Hammer test coirrleted weld 

: reparing and welding a lap joint and a flush tee joint on #11 gauge 
mild steel plate using l/6 n filler rod. Hamer test completed weld 

Treparing a double V butt joint on a sn^ll diameter shaft and welding, 
using 3 / 32 " or 1/8” filler rod 
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(a) 

(b) 

(c) 

(d) 



(e) Building up a small Jiild steel shaft with l/fi Tr mild steel filler rod 



2 • H and Cutting Operations 

(a) Cutting straight lines and 30° or 45° bevels using freeh^r d method 

(b) Laying out and cutting a circle using the freehand method 

(c) Hand cutting a circle using a radius bar 

(d) Baking a bevel cut using an angle bar 

(e) Piercing holes in heavy plate 
3. Machine Gas Cutting 

(a) Straight line cutting and bevel cutting 

(b) Circle cutting using .gas cutting machine with radius rod. 

Grade 11 

SAFETY: Biscuss safety precautions previously outlined, 

1, Review practical exercises and essential topics of Grade 10 Qxy-Acetylene 
Welding course 

2, Operation and Maintenance of Manifold System 

Safety features of a manifold system, hydraulic backpressure valves, check 
valves, type of piping, bursting discs and flashback arresters, construc- 
tion of manifold rooms for acetylene and oxygen 

3 , Acetylene Generators 

Low pressure and high pressure 
U . Welding Equipment 

Construction of high pressure welding torches, cutting torches, combination 
type torch and regulators 

5 , Simple Rerairs to Oxy-Acetylene Equipment 

(a) Replacing! valve seats and ruptured regulator diaphragms; "o'* rings 
in welding torches. Re-seating needle valve seats and replacing ball 
seats 

(b) Re-conditioning welding and cutting tips; use of tip drills and reamers 

(c) Glyerine or glycerine base lubricants 

(d) Testing for gas leaks 

6, Types and Uses of Filler Rods 
Ferrous rods, composition and uses of high test and nickel steel 
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7 . Advanced Principles of Expansion and Contraction 

Causes of distortion, means of preventing distortion by jigs, tacking, 
clamping, preheating and postheating 

l , Fusion Welding of Heavy Plate 

A review of the preparation of edges; forehand and backhand method; wash 
welding 

9. Fusion Welding of Cast Iron 

Review of types of cast iron; preparing a casting for welding; strengthening 
cast iron by using studding technique; composition of flux used for welding 
cast iron; preheat and postheat procedures; visual and destructive testing 
of completed welds; analysis and sizes of cast iron filler rods 

10, Bronze Welding 

Definition and principles of bronze welding, uses of bronze welding, advan- 
tages - disadvantages, bronze welding rods, uses, sizes, melting points, 
preparation of parts to be broi, 2 e welded, technique of bronze welding - 
flames, fluxing, tinning; methods to be used to determine correct temper- 
atures; building-up with bronze filler rods; uses of carbon rods, paste and 
asbestos 

11 . Silver Brazing 

(a) Definition ard application of silver brazing; metals that can be 
brazed; uses in industry 

(b) Types, compositions and characteristics of silver brazing alloys 

(c) iYeparation of parts before brazing; types of torches; procedures 



PRACTICAL WORK 

1* Welding Operations - Welding in the Down Hand Position 

(a) Preparing and welding a full open corner joint and a single V butt 
joint on i" mild steel plate using l/S fl or 3/l6" filler rod and 
forehand method 

(b) Repeat using a backhand technique 

(c) Welding double lap joint on £" mild steel plate using the same filler 
rod 



2, Vertical Welding 




Note: The following vertical welds should be dene on #11 gauge mild steel 

plate using 3 / 32 " or l/£ u filler rod as specified 

{a) Running parallel stringer beads from bottom of plate to top without 
and with filler rod 

(b) Preparing arid welding a full open corner joint without and with filler 
rod. Hammer test 
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(c) Preparing and welding a single fillet lap and tee joint* Hammer test 

(d) Preparing and welding a square butt joint. Hammer test 

3 • Welding Heavy Plate in Vertical Position 

Preparing and welding a lap, tee and single V butt joint using mild steel 
plate and 1/6" filler rod 

Pronze Welding 

Note: The following exercises should be done in the flat position on l/6 ir 

mild steel plate unless otherwise specified, 

(a) Running parallel beads using 3/32" bronze filler rod 

(b) Running a single pass fillet lap and tee weld using 1/8" bronze filler 
rod 

(c) Preparing and welding a square butt joint using 1/8" bronze filler rod 
(slightly bevel the edges) 

(d) Bronze welding a broken grey iron casting 

(e) Bronze weld a single V butt joint on mild steel plate 
5 • Fusion W elding . Cast Iron 

Note: fcbcercises on cast iron should be performed on prepared cast iron flats 

6 • Cutting Bxeroises on Cast Iron 

Practical cutting exercises on cast iron to familiarize the pupils with this 
type of work 

7. Silver Brazing Exercise s 

Silver braze lap joints on mild steel, copper and stainless steal 



Grade 12 



Note: Review the more difficult practical exercises of Grade 11, 

1. Piping 

(a) Types of pipe: standard mild steel, heavy duty, extra heavy, tubing, 

seamless pipe, welded pipe, cast iron, copper and brass 

(b) Methods used to Join pipe, pipe threads, flange fittings, welded 
fittings, advantages and disadvantages of the above methods 

(c) Small and large diameter piping: industrial uses, dimensions of 

standard pipes and tubing 

(d) Methods of cutting pipe: mechanical and oxy-acetylene cutting (hand and 

O machine) 
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(e) Preparation of pipe for welding: beveling; spacing and tack welding; 

clamping, vee blocks, rollers; use of lead and brass sheeting to 
prevent surface pitting; use of backing strips 

(f) Filler rod 3 used for oxy -acetylene welding of pipe: types and sizes 

(g) Expansion and contraction of pipe: linear expansion; methods used tc 

counteract expansion and contraction; expansion bends; expansion 
joints 

2, Ilpe Joints 

Butt joint, straight; 2 piece, 90 degrees; 3 piece, 90 degrees; 2 piece, U5 
degrees; tee joints, lateral Y and true Y; layout and use of templates; 
contour marker; wrinkle bending 

3. Aluminum Welding and Brazing 



Production of common aluminum alloys; cast and drawn aluminum.; heat treat- 
ment, annealing and normalizing; filler rods for cast and drawn aluminum; 
brazing rods; welding and brazing fluxes; flame adjustment; preparation, 
cleaning and methods of supporting; welding technique; temperature 
indicators, salt, oil, pine-wood stick; necessity for removal of flux after 
welding 



k « W hite Metal 

Uses, advantages and disadvantages; alloys of white metal; cleaning and 
preparation, filing, grinding, supporting; flame adjustment and control; 
use of spatula; filler rods, sizes and composition 



5 • Hard Surfacing 

Definition and applications, types of rods and hard surfacing inserts, 
building un cutting tools with hard facing rods, preparation of surface, 
flame adjustment, technique of applying hard surfacing rod, use of silver 
brazing for applying hard face inserts 



6 « 




Elementary Metallurgy of Iron and Steel 

(a) Pure iron: allotropic forms, critical points and structures of pure 

iron 

(b) Structure of metals: atomic structure, crystallization, space lattice, 

process of solidification of a metal, crystals and grains, effect of 
cooling rate 

(c) Structure of steels: eutectoid steel, hypc-eutectoid steel, hypereutec- 

toid steel 

(d) Properties of non-ferrous metals: brass, bronze, copper 

(e) Stainless steels: ferritic, martensitic, austenitic 

Special Applications 

Arc-air cutting, oxyger. lance cutting, powder flame cutting 
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8. Estimat in g Costs 

Methods of determining costs in welding: determining pounds of rod per 

foot of weld; gas consumption; labour costs; overhead expenses 

FftACTIC.lL *,/0RK 

1« Jclding Operations 

(a) Gas weld butt joint on 2" pipe (Pipe may be rotated) 

(b) Gar 5 exercise as above except the pipe is to be placed in a fixed 
position for an all position weld 

(c) Kaks a layout of a 2 niece 90 degree elbow on 2'* pipe; prepare and 
wel i 

(d) Gas weld a 3 piece 90 degree el»x>w on the same material 

(e) Make a layout of a straight tee point on 2 I] pipe and weld together 

(f) Prepare and weld a lateral Y of 2 n pipe 

(g) Prepare and weld a true Y of 2" pipe 

(h) Bronze weld a galvanized pipe ip all positions 
2 • Alumi num Welding 

(a) Run lines of fusion on l/B u 25 or 33 aluminum using l/8 ,! aluminum rod 

(b) Mato a butt joint of the same material and weld together 

(c) Pre;^are and weld a corner joint of aluminum 

(d) Pre;>are and weld a lap joint of aluminum 

(e) Aluuinum braze a tee joint on 1/3" 23 aluminum using a 1/8" aluminum 
bra sing rod and flux 

3 • White Me;al Welding 

IVepare and weld a butt joint on a whilst metal casting 
4 . Hard L 3ur facing 

Build up a wear-resistant surface using air-hardening filler rods 
Repiir cutting tool edges with haid surfacing materials 
Silver braze hard face inserts 



(a) 

(b) 

(c) 
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WOODWORKING 



Four-Year Programme Grades 9 and .10 
Grade 9 



This course is general in nature and provides an introduction to further 
study in the areas of Building Construction, Cabinet-Making and Millwork or Pattern 
and Casting Processes* 



Emphasize in project study the interpretation of drawings, design, bill of 
material, order of operations, layout and Joint construction- 



SAFETY: Good safety practices in the use of hand and power tools should be 

emphasized. The use of push sticks, adequato equipment guards and safety 
glasses and the wearing of proper clothing should be stressed. 

1 ♦ M aterials 



(a) Lumber: classification of lumber - soft-and hardwoods, general purpose 

and miscellaneous woods; defects; stock 9izes; units of measurement 

(b) Adhesives: source, characteristics, application 

(c) Hardware: various types of nails, wood screws, hinges and catches 

(d) Finishing: elemenbary supplies (stain, shellac, paint and enamel) 

A dicussion of the methods used in industry for applying finishing 
materials 
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3 . 




Hand Tools and Ope ra tions 

(a) Laying out: use of try-square, marking g'«uge, marking knife and dividers 

(b) Sawing: rip and cross-cut 

(c) Planing: surfaces, angles, chamfers, rounds 

(d) Chiselling: chamfers, rounds, paring, cutting a mortise; use of mallet 

(e) taping: use of coping saw, spokeshave 

(f) Boring: use of various boring bits, brace, drill 

(g) Fastening: use of nails, wood screws, fasteners; use of various types of 
holding devices 

(h) Sanding: use of coated abrasives, flint and garnet 

(i) Sharpening: whetting plane irons and chisels 

Machine Tools and Operations 

Every machine must be properly guarded and all safety precautions should be 
taken when operating woodworking machines. 

(a) Safety: stress use of push sticks, protective devices, adjustments and 

correct method of operation 
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(b) Band Saw: cutting regular and irregular shapes 

(c) Drill Press: boring, counter sink lag, counterboring 

(d) Jig Saw: sawing simple curves, interior, exterior 

(e) Jointer: face and edge cuts 

(f) Lathe: rough and finish turning, shoulder and taper turning, beads, curves, 

various chisels, face-plate turning, use of calipers, templates, patterns 

(g) Mortiser: vertical mortising 

(h) Planer: thickness, surfacing 

(i) Portable Router: shaping simple .moulds with a set fence 

(j) Radial Saw: cutting to length 

(k) Sanders: sanding flat and curved areas 

(l) Variety Saw: parallel ripping 

A* Finishing Processes 

(a) Preparation of the project for and the application of stain, shellac, varnish, 
brushing lacquor and wax, paint and enamel: care of brushes 

(b) Application of finished hardware 



Grade 10 



This is a basic course in Woodworking and additional topics should be selected 
from the Grade 10 course outlines in Building Construction, tobinet-M&king and Mill- 
work and/or Pattern and Casting Processes to meet the needs of the local community# 

In all projects further fcmphasis should be placed on the interpretation of 
drawings, - design, accurate layout, estimating materials, the order of 'operations 
and joint construction# 



SAFETY: Good safety practices in the use of hand and power tools should be emphasized. 

The use of push sticks, adequate equipment guards and the wearing of safety 
glasses and proper clothing should be stressed. 



1, Materials 



(a) Lumber: kinds, classification, grades, plywoods and composition boards, 

methods of sawing and seasoning, unit calculations and prices, conservation 
of natural resources, chemical composition of woods, elementary physical 
and mechanical properties of wood 




(b) 

(e) 

(d) 



Abrasives: 

Adhesives: 

Finishing: 



types, grades, classification, manufacture 
comparison and characteristics of various kinds 
natural and synthetic types 
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2. Hand Tool Operations 

(a) The extension of and improvement in the use of hand tools as outlined for 
Grade 9 

(b) Use of special planes, e.g. block* rabbet, router 

(c) Grinding and whetting 

(d) Use of layout tools, e«g. framing *■ ^re, tiAOTQel points 

(e) Clamping and gluing procedures 

3 • Machine Tools , Operatio n and Technolog y 

The proper care, operation and guarding of all machines must be stressed. 

(a) Safety: protective devices and precautions 

(b) Band Saw: economical use of wood to avoid waste by overlap layout method, 

use of jigs 

(c) Boring: stationary and portable types of machinej 

(d) Grinder: grinding edge tools, angles for cutting ana turning tools 

(e) Jointer: truing face side and face edge, sizing 

(f) Lathe: spindle, face and chuck turning; turning to a template, sanding* 

polishing 

(g) Mortiser: hollow chisel or chain type 

(h) Planer: dressing to thickness, squaring, tapering, surfacing thin stock 

(i) Portable Router: the use of a fence and pilot cutters 

(j) Portable Sabre Saw: making various cuts 

(k) Radial Saw: cutting lengths, angles and adoes 

(l) Sanders: drum, disc, spindle, oscillating and belt 

(m) Variety Saw: identification of various blader; cutting to width and length 

special cuts - taper, tenon ana dadoes 

4 • Finishing Frocer yes 

(a) Water, oil and non-grain raising stains 

(b) Resin, natural and synthetic types of stains 

(c) Fillers for open grain woods 

f.d) Shellacking, varnishing, water and oil rubbing 

ERIC 
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WOODWORKING - BUILDING CONSTRUCTION 
Four-Year Prograimne Grades xO, 11 and 12 
Grade 10 



lo ensure adequate coverage of the subject* additional topics should bo 
selected from the Grade 10 Woodworking course* 

Where possible a suitable structure of adequate size to illustrate 
building principles and orection procedure should be built to provide student 
participation and practical application. 

SAFETY: Safe practices in the use of tools and equipment should be stressed. 

1. Planning 

(a) Blueprint reading: an elementary knowledge of interpretation as applied 

to plot plan layout, symbols, plans, elevations and sections 

(b) Scheduling as applied to the various sub-contractors and recognition of 
acceptable building standards 

(c) Materials: concrete and concrete blocks; structural wood members (sizes 

and characteristics); clay ? stone and concrete products 

(d) Types of construction: frame, brick, solid masonry 

2 • Practical Application for Frame Construction 

Good nailing practices; fastening devices; box sill construction; beams, 
columns, joists, bridging; sub-flooring - conventional and plywood; wall 
covering - sheathings and siding; ceiling joists and spans, types and sizes; 
roof framing - simple gable, collar ties, roof terminology; cornice con- 
struction (simple); roof covering, sheathings and shingles; doors and windows 
types arid framing details 

3, Construction Tools 

(a) Layouts steel tapes, lines, levels, plumb-bobs, straight edges, squares 

(b) Framing square: graduations and tables as applied to common rafter 

(c) Fortable saws: safety and application 

(d) Hand tools and machines: refer to Grade 10 course in Woodworking where 

applicable 
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Grade 11 



This outline sets forth the practices end techniques essential in 
house building. Carpentry is recommended ns the basis of instruction. 

In the advanced study of building construction, increased emphasis is to 
be placed on the theoretical aspect, although some tonics may well be stressed 
through practical application in shop work. A full size building project should 
be constructed if possible. 

oAFETY: Stress safe practices in the use of tools and power equipment. 

1 • Interpreting Plans and Sjiecili cations 

(a) An advanced study of blueprint reading 

(b) Estimating quantities and material 

(c) Local building codes: by-laws; restrictions 

(d) O.M.H.C. standards: National Building Code 

? . Co nstruction Fundamentals and Procedure 

(a) Layout of site: lot lines and batten-board; stakes; sizes and squaring 

(b) Excavation: soil conditions: grade lines 

(c) Concrete forms: footings; vOls 

(d) Foundation materials: concrete mixes; blocks; anchors 

(e) Va ter proofing and drainage 

(f) Framing 

Floor construction: sill plates; girders; joists; hangers; headers; 

bridging; stair openings (wells); sub-flooring 

Wall construction: platform, balloon, bracing, plates, studs; girths; 

headers; trimmers; cripples 

Sizes of rough openings for doors and windows 
Prefabrication 

Exterior wall coverings, finish and trim: sheathings and composition 

boards, vapour barriers; cornice and roof overhang; types of sidings; 
types of doors and windows 

Roof construction: terminology; framing square; gable, hip, valley, 

sheathing, shingles; flashings; chimney saddles 
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Interior well finishing end covering: insulation and ventilation; 

lath and plaster (expanded metal, gyproc); dry wall construction 
(plywood, composition); trim (casings and baseboards) 

Stair building: straight flight: open and housed stringers; handrails 

Fixtures: built-ins; cupboards 

Finished flooring: hardwood; tile; ceramic 

3. Servi ces % 

(a) Correlation and co-operation with sub-trades: masonry* electrical, 

plumbing, heating, communications, painting and decorating 

(b) Scheduling and supervision ~ acceptable standards 



Grade ^2 

This course is designed to give a broad coverage of the building con- 
struction field, v/hile a practical building project should be part of the course 
of instruction, emphasis should be placed on the theoretical aspect of the work. 
This will serve to challenge the ambitious pupil who mav be interested in enter- 
: ng the areas of supervision and management. 

o'lFFTY : Instruction in safe practices should be an integral part of this ccurse. 

1 . Communi tv Planning 

Elementary discussion of such tonics as: types of construction 
for rcsi drntial , industrial, commercial and church buildings; roads 
and services; financing. 

A study of the regulations pertaining to municipal developments. 

2. Construction Details and Techniques 

Layout, of site: use of instruments, survey stakes; batter-boards, offset 

lines, bench marks 

Excavations: soil testing, load bearing conditions 

Concrete forms: piers, columns, beams, slabs, stairs, openings 

Reinforcements and anchors: purpose, placing 

Concrete: proportions and aggregates; testing and analysis? pouring 

methods, curing; principles of pre-stressing 
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(a) 

(b) 

(c) 

(d) 

(a) 
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(f) St- rue turn 1 framinr 



Berras; laminated, steel, concrete; alternate floor supports 

Floors: panels, sectionals; provisions for sub-trades 

Exterior walls: solid masonry, veneers, panel constrv tion (various 

kinds), fire blocks, cuts and stops 

Interior walls: masonry, metal, composition, sandwich construction, 

acoustic treatment (various types) 

Doors and windows: frames, types, manufacture and setting for both 

wood and metal 

Insulation and ventilation: comparison of various kinds, installation 

methods, louvres and roof ventilators 

Roof construction: mathematical calculation of lengths and sizes of 

members, calculation of areas and quantities; dormers, cornices, com- 
pound roofs; trusses and laminated beam construction; flat and built-up 
roofing 

3 • Prefabricn tion and Packaged Units 
(n) Door and window units 

( b) Floor and wall sections 

(c) Roof trusses and laminated shapes 

(d) Kitchen, bath-room and room-divider units 

(e) Built-in fixtures and storage cabinets 

4. Completion (Millvork ) 

(a) Trim: members, materials, machining, designs and sizes 

(b) Stair-building: terminology, layout; housed and cut stringers; machining 

and assembling; advanced work on handrails, ballus trades and bullnose 
treads 

(c) Case goods: cabinets and storage facilities 

(d) Hardware: locks, overhead and sliding door hardware 

5. Allied Topics 




A study of the scheduling and installation procedures followed by sub- 
contractors who must comply with local by-laws 

(a) Heating and air conditioning: types and installation 

(b) Sanitation: plumbing and drainage systems 

(c) Electrical : fixtures and convenience outlets 
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(d) Comm uni cati ons: intercom, telephone and signal systems 

Co) Painting and decorating: types and methods 

(f) Finished flooring: various kinds of coverings 

(g) Exterior completion: walks, driveways, sodding, grading 

In dustrial Safety 

(a) General maintenance and proper operation of portable tools and machines 

(b) Scaffolds* safe erection procedure 

(c) Protective devices: safety apparel; gantrys and safety rails 

(d) Safety codes and rules ns recommended by the Industrial Accident 
Prevention Associa ti on ; safety regulations for various trades 

Testing and Analysis 

A study of the characteristics of various types of building materials and 
their suitability for specific applications 

(a) Wood: technology; cellular construction 

(b) Adhesives: relative strengths and qualities 

(c) Insulation: comparison of various types 

(d) Acoustics: transmission of sound; absorption qualities 

(e) Concrete: as outlined in Section 2(e) 

(f) Fasteners: nails, bolts, connectors 
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WOODWORKING - CABINETMAKING AND MILLWORK 
Four-Year Programme Grades 10, 11 and 12 
Grade 10 



The topics listed in Grade 10 Woodworking should be studied to ensure 
adequate coverage of the subject. 

Design, sketching and layout, the interpretation of drawings, the order 
of operations and bill of material should be emphasized, 

SAFETY: Emphasize safe practices in the use of hand and power tools. Stress 

the use of push sticks, adequate equipment guards and the wearing of 
proper clothing and safety glasses or masks, 

1, Materials 

(a) Veneers: types and uses, methods of cutting, types of cauls and 

presses 

(b) Cabinet hardware: hasps, hinges and catches 

(c) Plastic laminates: manufacture and uses 

2, Production Planning 

(a) Material estimation: bill of material and cutting list, quality, units 

of measurement, cost 

(b) Standardization of parts - assembly line procedure 

(c) Machine and assembly Jigs: value, design and construction 

3, Production Procedure 

(a) Unit construction: material glue-up, sizing, unit assembly 

(b) Hand tool operations: use of special bits and cutters, use of various 
types of scrapers, application of plastic laminates, sharpening of 
scraping tools, application of simple veneers, use of cauls and presses 

(c) Machine operations: rabbeting, tapering, beveling and chamfering on 

the Jointerj the operation of a stroke sander, the use of pads and 
lubricants 
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Grade 11 

This course provides a study in full size layout and the projects 
selected should develop an appreciation of good and creative design. Having 
used machines and tools previously the pupils should be interested in the 
development of hand skills and an appreciation of the difference between a 
machine operator and a skilled craftsman. The course should include an in- 
troduction to the history of design. 

SAFETY : Safe practices in the use of hand and machine tools should be emphasized 
SPRAY PAINTING 

Notes In order to do spray painting proper facilities are necessary for safe 
and satisfactory operation. If this type of finishing is to be under- 
taken an approved spray booth installation must be provided. 

1 . Kitchen Cabinets 

A study of the construction and installation of kitchen cabinets should 
form an important part of this course. 

(a) Design (custom and production) : proportions, drawings, layout rod, 

facings 

(b) Frames: gables, solid, drum panels, rail} face} undertop and bearing 

(c) Doors: lip, flush, overlay (solid and hollow cored) 

(d) Drawers: lip, flush and overlay; drawer formula; fitting 

(e) Accessories: Lazy Susan, breadboard, chop block, towel nek and sink 

vents 



2. Materials 



(a) Lumber: further study of forest products, defects, characteristics, 

grades, choice of species 

(b) Veneers* history, manufacturing technology 

(c) Rubbing abrasives: source, uses 

(d) Adhesives; chemistry, extenders, dielectric setting, contact types, 
mechanical spreaders 

(e) Finishing: standard industrial procedures; comparison and composition 

of finishing materials; solvents; repairing and refinishing; intro- 
duction to spray finishes 

(f) Hardware: further study and classification of specialized hardware, 

specifications (e.g. standard units of packaging, sizes, etc.). 



3* Hand and Machine Operations 

(a) Laying out: scribing to regular and irregular surfaces 




(b) Saws; radial arm, variety and bandsaw, operation and maintenance of 

each; installation and adjustment of blades; Jigs, dado heads, shaper 
heads and knives 

148 



— 146 — 



(^) Jointer: jigs nnd stops: edge and end rabbeting; veneer edge jointing; 

chamferi ng, tapering and beveling 

( ci) Planer: maj ntonanee; planing thin stock, tapering 

(r) Shaper: portable end spindle types; maintenance; jigs, pins, collars 

and guides 

(f) Grinder: the composition, shapes and sizes of grinding wheels; grind- 

i ng hand tools; maintenance of grinders 

(g) Sanders: dire, drum, belt and pad types 

(h) Lathe: history and development; duplicate, taper and offset turning; 

fitting ferrules 

4. Upbolstcri ng (Optional) 

(a) Materials: modern and conventional 

(b) Tools and machines: types and uses 

(c; Fasteners: Lacks, thread, cord, staples and other fasteners 

(d) Application: various fabrics, materials and fasteners; use of tools 

and machines 

(e) Construction of frames; species and grades of lumber used; joinery and 
mechanical hardware 

Grade 12 

SAFETY: Emphasize safe practices in the use of hand tools and machines 

The following tonics should be appropriately integrated in the course 

(a) The Industrial Accident Prevention Association 

(b) Native nnd foreign woods; methods of grading lumber; veneer technology 

(c) Layout and design 

(tj) Contemporary furniture and furni ture of the different periods 

(e) Production and procedure in industry 

1 , Materials 

(a) An introduction to the botanical classif ication of trees 

(b) An introduction to wood technology; physical structure and properties 
of wood; density and specific gravity of wood; variations within wood; 
classification and utilization of wood waste 

(c) An intensive study of new products: plastic laminates, fibre board, 

mouldings, finishing materials, hardware 
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• Hand Tool Operations and Construction 
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(a) lVrniture and fittings: joinery techniques; production and economy in 

frame construction (gables, undertops and bearing) ; assembly of frames; 
sequence of assembly for various types of furniture and fittings 

(b) Drawers: multiple production 

fc) Veneer press: fundamentals of curved plywood form construction; sawing 

curved plywood form material; assembly of plywood forms; gluing and 
clamping veneer in a curved form; Layout and trimming of plywood curves 

(d) Clamping: clamping of irregular and curved surfaces 

(e) Pitting: scribing furniture, fitting to irregular surfaces, coping 

mouldings and irregular surfaces 

(f) Fastening and trimming: fastening firniture and fittings to fixed 

structures; levelling furniture and fittings; hardware choice and 
installation 

(g) Carving: carving tools and their care, carving simple designs in wood, 

paring simple curves and bevels 

3 . Machine Operations 

(a) A study of machine potentialities and. limitations; the classification and 
methods of measuring most woodworking machinery; recent advances in 
machine construction 

(b) Machine maintenance schedules 

(c) Machine set-up procedure and precautions 

(d) Complex sawing and shaping eperatiors 

4. Millwor k 

(a) Stair construction: stair layout, stair dimensions (headroom, max. rise 

and tread sizes), string layout (cut out, housed and open), winder layout, 
balusters, handrails, shaping irregular mouldings for risers with a 
radius, veneering laminated risers, newel post construction, handrail 
fasteners 

(b) Window frames: brick veneer, frame and solid masonry construction; check 

rail; casement; mullion; sliding sash 

(c) Window sash: check rail, casement *x.d storm (plus vents) 

(e) Door frames: inside and outside 

(f) Roof vents and louvres 



5. Conditioning of Equirflient (Sharpening) 




(a) Boring bits and drills 

(b) Jointer and planer knives 

. 

v . 



150 



- 150 - 



(c) Router bits 

(d) Mortising chisels (hollow) 

(e) Carbide tool sharpening 

(f) Circular saws: rip, cross-cut, combination and safety; shapes of teeth; 

swaging, tensioning, setting, jointing end filing blades and cutters 

(g) Dado heads and special cutters 

(h) Lathe tools (grinding and whetting) 

(i) Scrapers: straight and irregular 

6. Finishing (Spray and Hand Processes ) 

Note: In order to do spray finishing proper facilities are necessary for 

safe and satisfactory operation. If this type of finishing is to be 
undertaken an approved spray booth installation must be provided. 

(a) Preparing a finish for spraying 

(b) A study of spray techniques 

(c) Cleaning and care of spray equipment 

(d) Preparing and applying stain, filler, highlighting materials, rubbing 
compounds 

7. Upholstering (Optional) 

After being introduced to upholstering in Grade 11 students should apply 
their skills toward a project of a more difficult nature. 

8. Study and Discussion Topics 

(a) Ontario Apprenticeship System 

(b) National Rnployment Service 

(c) Workmen's Compensation Act 

(d) Labour Relations and Industrial Standards 

(e) Factory, Shop and Office Building Act 

(f) Hours of Work and Vacation With Pay Act 
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WOODWORKING - PATTERN AND CASTING PROCESSES 



Four-Year Programme Grades 10, 11 and 12 



Grade 10 



This course is designed to give the student a comprehensive knowledge 
of the pattern and casting processes. 

To accomplish this, pattern projects and facilities for foundry practice 
should be used. 

To ensure adequate coverage of the subject, additional topics should be 
selected from the Grade 10 Woodworking course outline. 

SAFETY: Stress safe practices in the use of hand and power tools. 

1. History of Pattern Making and Foundry Practice 

2. Study of Materials 

(a) Pattern lumber: pine, mahogany, cherry; characteristics, identification 

(b) Fillets: types, identification 

(c) Pattern coatings: pigments, shellac, lacquer 

(d) Dowels: wood and metal 

3 • Planning 

(a) Machine allowance: signs and normal pattern allowances 

(b) Draft: normal allowances on general pattern constructions; its application 
to simple patterns 

(c) Contraction: purpose, allowances for cast metals 

(d) Core prints, core boxes and cores: application of green sand, vertical 

and horizontal dry sand cor' to design 

(e) Colour code 

(f) Simple pattern layout 

(g) Simple template layout 
U • Hand Tools 

Pattern uaking hand tools for cutting, measuring, fastening and assembling; 
use and care of tools; tool technique and sharpening 

5. Machine Operation? 

Tha n** of the necessary -achines listed under the general Grade 10 Wcodwoiking 
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6. Methods of Construction 

(a) Simple bench pattern construction incorporating green ar.d dry sand cores 

(b) Turned solid and split patterns with vertical and horizontal core 
prints 

(c) Segmental construction for simple patterns 

(d) Combination of simple lathe and bench work with and without cores 

(e) Half and full core boxes, core box proportions 

7. Foundry Equipment and Materials 

(a) Composition of moulding and core sands 

(b) Hand tools: types and uses 

(c) Moulding flasks: solid and snap 

8. Moulding Operations 

(a) Types of moulds 

(b) Sand preparation: cutting and tempering 

(c) Making a two-part mould: with green and dry sand cores; ranming; simple 

venting, pattern removal, runners, gates, finishing and preparation of 
mould for pouring 

9. Casting Operations 

(a) Safety precautions 

(b) Furnace operation 

(c) Pouring 

(d) Cleaning castings: shake out and gate removal 

(e) Checking for visual defects 

10. Apprenticeships and Careers in the Pattern Making and Foundry Fields 



O 
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Grade 11 



SAKE'T': Safe practices in the use of Ioojs and equipment should stressed -'ind 

rcvi ever! peri odi cal 1 y . 

1 . Study of Mate r ials 

(■i ) Pattern lumber: relection, defects, seasoning and grading 

(b) Special pattern ronuisi togs moping pinion, metal dowels, pattern 
letters and drawl np* straps 

2. Pin nnim? 

(a) Determination of mouldings procedure: parting line, type of core; 

pattern design for foundry production, number of castings 

(b) Pattern layout: layout board; indication of core, machine and construction 

allova noes 

(c) Pattern draft: de tormina tion of draft allowances in relation to the 

casting design, draft as jfc affects the machining of castings 

3. Hand Tools 

Extension of tool technique; use of core box, planes, bent shank chisels and 
gouges; use of precision measuring and checking tools such as surface and 
depth gauges 

4. Machine Tools 

(a) Safety rules; lubrication, sharpening, netting and adjusting cutters and 
blades; use of jigs and holding devices 

(b) Extension of machine tool techniaues 

(c) Lathe: face plate turning and rechucking 

5* Methods of Construction 

(a) Patterns with horizontal cores, core print allowances for clearance, core 
box proportions 

(b) Patterns reouiring tail prints and core boxes 

(c) Combination of bench and lathe construction 

(d) Simpler type frame and box construction in pattern and core boxes 

(• ) Segmental construe tion: for shell and whorl typo patterns 

(f) Stave construction for patterns 
6* foundry Eouipment and Materials 

(a) Moulding and core sand mixes for specific metals 
b) Moulding flasks: three part flasks; use of cheeks and bars 
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(c) Foundry requisites: ^aggers, nails, chaplets, chills and strainers 

7. Moulding Operations 

(a) Irregular partings: coping out, follow board, sand match 

(b) rhree part mould 

(c) Core risking: sand preparation; use of simple dump, frame arid parted core 

boxes; reinforcement ; /erting; baking; pasting; making of standard stock 
sizes of core? by n^.cnine 

0 . . Pattern and F oundry Technolo 

(a) Pattern iesign as related to production: materials and types of patterns 

(b) iypes of sand moulds: green sand, dry sand and pit 

(c) Permanent mould casting 

(d) Die casting 

(e) Casting defects: causes and remedies, methods of detection, '’rnagnaflux" 

and X-ray 

(f) Dry sand cores: definition and application of suspended, balanced and 

tail cores 

(g) Processing castings: heat treatment for stress relief 



Grade 12 

3AFSTY: Stress safe practices in the use of hand tools and power equipment. 

1. Itudy of Materials 

Special pattern inaterials: plaster of Paris; plastics, wax, metals for metal 

patterns 

2, Planning 

(a) Special pattern making such as stop-offs, fillets and loose pieces 

(b) Adjustments in design of patterns for machining castings such as addition 
of lugs and bosses 



(c) storing and recording patterns 

(d) Calculation of size and location of gates and runners 

(e) Determination of weights of castings from patterns and drawings 



3 • Hand Tools 




Further extension of tool technique as outlined In G ra d e Hj mention to be irfcde 
of special metal pattern making hand tools such as scrapers, chisels and height 
gauges 155 
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k - Machine Tools 

(a) Machine and cutting speeds for lathe and drill press 

(b) Special cuts and jigs for machine work 

(c) A study of pattern milling machines and duplicator machines 

5 , Methods of Construction 

(a) Box and frame construction: shell types built on forms 

(b) Patterns and core boxes incorporating loose pieces and means of attaching 

(c) Patterns and core boxes of built-up construction; further use of segmental 
construction; wheel construction presenting use of tonque joints; turned 
core box cavities 

(d) Formed patterns with irregular parting line; loose flange application with 
slab core such as offset pipe work 

(e) Sweeps and templates for plaster of Paris patterns 

(f) Master patterns: contractions, finish, metal patterns and working patterns 

(g) Match plates: wood, metal, cast plates; attaching patterns to plates, 

forming and disposition of gates and runners; layout for one-sided plates, 
double-sided plates, irregular parting-line plates 

(h) Repairing wood patterns 

6, Foundry Equipment and Materials 

(a) Special flasks: slip flasks and jackets, match plate, shaped 

(b) Moulding machines 

7, Moulding Operations 

(a) Making moulds with balanced, suspended and slab cores 

(b) Moulding with a match plat* 

(c) Making a mould to produce a cast match plate 

(d) Simple floor moulding 

8, Metal Pa tterns 

(a) Their place in industry 

(b) Metals and alloys used for patterns 

(c) Producing the metal pattern) special allowances 

O (d) Cleaning and finishing metal patterns: methods, tools and machines 

ERIC 
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(e) Mounting of metal patterns on match plates, cope and drag boards 

(f) Repairing metal patterns 
?« Plastics. Moulding and Forming 

(a) Their place in modern industry 

(b) Thermosetting and thermoplastic types 

(c) Processes for moulding plastics: compression and transfer moulding 

(d) Laminated plastic construction 

(e) Plastics: use for cores and core boxes 

(f) Repairing with plastics: epoxy resins and their physical properties 

10. Fattern and Foundry Technology 

(a) Theory of gating, runners and risers 

(b) Casting design 

(c) Centrifugal and investment castings; lo 3 t wax process 

(d) Production planning 

(e) Foundry mechanization and plant layout, types of machines for production 

(f) Metals cast in the foundry 

(g) Carbon dioxide process for cores 
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RELATED TECHNICAL CGUR3SJ 



In Grade 11 pupils are required to elect a major Technical Subject in which 
to specialize. Instruction in the elected Technical Subject is to be supplemented 
by instruction in related Technical Subjects* The purpose of the related Technical 
Subjects is to give the pupil a general technical background for his specialized 
subject and to impress on him the interrelationship of the different trades* The 
technological content of the subject should be emphasized and the pupil, made to 
realize that the techniques of one trade are dependent on those of another. 

Owing to the limited time available for related subjects, standard operation 
might replace projects as media of instruction. 3uch operations should be directly 
applicable to the pupils 1 major subject and the presentation of instruction should 
be arranged to include the necessary related information at the time it is required. 
Close co-operation between tho instructors of specialized nr.d related subjects in 
essential. 

Courses of instruction in both major and related subjects should direct the 
pupils to the use of catalogues and other reference materials for specific informa- 
tion. 



ART 

Related Instruction for 
Pupils Specializing in Printing 

Grades 11 and 12 



1. Printing History 

The origin and development of letters. Individual projects, such as 

(a) (l) notes and sketches on the origin and development of letters 
(2) study and sketches of classic and modem manuscripts 

(b) construction and illustration of a booklet containing research, sketches, 
and clippings; applying the principles of cover design, layout, margins, 
title page, etc. 

(c) creation of classroom display cards on early writing and printing; early 
printers; historical printing equipment. ? Inking cut-outs of early and 
modern type faces 

2. Lettering 

Types styles: old style, transitional, modern 

Classification and characteristics: Roman, Gothic, Italic, script and te>;t 

Construction: Roman proportion, condensed and extended lettering, single- 

stroke lettering, representing type faces, selecting and combining types, 

(bight, medium and bold) 

3. Layout 

Use and purpose 

Collection of sample layouts 

O 
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Units of layout: headings, sub-headings, body matter, rules, ornaments, 

illustration, colour areas, trade-marks 

Construction: a detailed study of the design' principles and of the basic 

forms on which layouts are constructed, balance, proportion, simplicity, 
beauty, tone, contrast, panels, diagonals, margins 

U* Colour 

Fa sic colour principles: hue, value, chroma, complement aries 

Gathering and classifying colour areas 
Colour theories: Prang, Munscll, Ostwald 

Colour in printing papers and inks 

Colour schemes: tints, shades, seasonal colours, advancing and receding colours 

Gathering samples of colour combinations from printed matter 

5. Methods of Reproduction 

Study of autographic blocks: lino, woodcuts, wood-engraving, colour blocks 

Designing, cutting and printing blocks for school printed matter 
Silk-screen methods 

Art requirements and limitations of reproduction 

A brief study of modern printing methods, particularly the relation to colour 
illustration and layout 
Advertising methods in use to-day 



DRAFTING 

xtelatea Instruction For 
Pupils Specializing in Applied Electricity 

Grade 11 

This part is to be regarded as a basic unit for all pupils choosing the 
electrical option (electronics coopted), regardless of any future specialization. 

The pupil* s work nay be accept ec n the various forms, neat free-hand sketches or 
instrumental drawings, 

The drafting room should contain illustrative equipment sufficient for all 
the basic symbols introduced and a close co-ordination should exist between studies 
in this course and those of the major electrical course which the pupil is following. 

The course should include 

1 , Electrical symbols as required 

2, Residence circuits from architect* s plans 
3* Wiring diagram for domestic electric range 

4* Control circuits as for furnaces, water heating and refrigeration equipment, 
farm water supply, etc, 

5, Installation and control circuits for D.C. motors and generators including 
starting and field control rheostats, undervoltage and no field protection 

6. Construction of circuit diagic-ms closely related to the pupil’s studies in the 
major course 



O 
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Option: 

In schools where a department of applied electronics has been established the course 
in related drafting may vary from the foregoing course and should be designed to 
correlate more closely with studies in electronics. 



Grade 12 

The course in electrical drafting for Grade 12 should include 

1. Interpretation (blueprint reading) of installation circuits and equipment 

2, Construction of drawings involving the basic principles of mechanical drafting 
as applied to mechanical equipment used in the electrical trade 

A selection of work should be made from such topics as 

1. Motor and generator winding and connection diagrams 

2. Installation equipment, diagrams and specifications 

3. Switchboard wiring and mountings 

4. Transformer connections and lighting and power circuits 

5. Industrial control devices and installations 

6. Meter connections and location in circuits 

7. Radio circuits and general electronic control devices and installations 

8. Development of sine waves for current, voltage and power 



DRAFTING 

Related Instruction For 
Pupils Specializing in Auto Mechanics 

Grades 11 and 12 



1. Blueprint Reading (Mechanical and Electrical) 



Using automotive manuals, charts and suitable current automotive literature, 
instruction material should be selected which is closely related to the major 
shop course in mechanics and which will give the pupils training in the 
following: 



(a) Identification of materials anl parts by drawing attention to the 
symbols employed 



(b) Determination from the drawings of the devices and order of procedure 
for assembly and dismantling 

(c) Observation of devices and means used to reduce wear, vibration, etc.; 
to obtain desired linkages and movement control.; to obtain desired 
mechanical security under normal working conditions (locking devices etc,) 




(d) A study of the drafting principles used in a drawing: symbols; selection 

of views; use of sections, isometric oi oblique projections, other pro- 
jections; materials employed in fabrication; interpretation of exploded 
views 

(e) Use of catalogues and handbooks shewing "outline' 1 or "dimensional" 
drawings of tools and parts 
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(f) Simple blueprint reading tests on general orthographic layout 

2. Mechanical Drafting 

Using automotive parts, (some aeronautical patts may be included), a series of 
projects should be planned to develop and maintain a working knowledge of the 
basic principles of mechanical drafting through dravjing construction. The 
pupils' drawings may be accepted in the form of good working sketches in pencil 
or instrumental drawings 

Principles: drawing of cams; principles of gearing as applied to automobiles; 

transmissions; differentials 

3. Electrical Drafting 

Using electrical equipment common to the automotive trade, projects should be 
planned to give instruction in the basic principles of electrical drafting 
through drawing construction. The pupils' drawings may be accepted in the 
forms referred to under section 2 above 

Principles: interpretation and representation of symbols as required for the 

projects selected; construction of circuits in sequence of difficulty 

DRAFTING 

Related Instruction For 
Pupils Specializing in Building Construction 

Grade 11 

I/heu practicable, drawing of structure or sections that are to be built in 
the woodwork shop. 

Specfal emphasis to be placed on layout, specifications, dimensions and 
notes, sketching, 

1, Sections 

Details of foundation, sill, lornice, beam construction, interior partitions, 
bearing and r.on-bearing partitions 



o 
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2. Working Drawings of Basement Plan 

Showing walls and footings, piers, beams, windows, doors, stairs, chimney, 
furnace and heating layout, fuel storage, drainage, electrical layout (switches 
and outlets) 

3 • Working Drawings of F‘rst Floor Plan 

Showing walls (exterior and interior); position of joists, windows, doors, stairs, 
living rocn, dining room, kitchen, bathroom, bedroor.i, electrical layout, heating 
layout, plumbing layout 

G. Elevations 

Front, rear, right and left views 
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5 • Sections of Building 

Floor levels, grade line, roof pitch 
6. Details 

Footings, \/alls, roof, cornice, chimney, windows, doors, steps, rtairs, built- 
in cabinets 

7 • Di ne print Reading 

A study of blueprints obtained from the construction field 

’.here cabinet-making is taken as part of the course, the related drafting 
should include projects to give practice in making a bill of material, pro- 
jection, dimensioning, pattern drawing, cutting diagrams as applied to the 
cabinet-making trade 

Grade 12 

rbphasis to be placed on the building code (legal and application forms, 
permits and fees), sketching, estimating, constructions. 

1, riot Plan 

Street line, sewer and water, excavating 

2, Framing Drawings 

Door opening, window opening, arch opening, floor framing plan, roof framing 
plan, wall frame 

3, Standard designs of mouldings and their use 

Vrbrking drawing arid full size sections, double hung frane (check rail), case- 
ment frame, exterior and interior door frames 

5. Drawing and detailing small timber truss (Teco connector), laminated truss 

6. A study of blueprints obtained from the construction field 



DRAFTING 

Related Instruction For 

Pupils Specializing in Cabinet-Making and Mlllwork 
Grades 11 and 12 

Pictorial and working drawings for various pieces of furniture 

Detail drawings for standard parts, drawers, doors, turnings 

Full scale layouts, rods, templates for pieces of furniture and also parts 

Bills of material 

Stock sizes of lumber, now they affect cost and design 

Geometric constructions which apply to cabinet- nuking, regular polygons, 

I llipses, curved parts 
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houlds, the use of scrolls, curves, straight lines and quirks in moulds for 
above and beneath eye level 

The study of wood joints and their relation 1 to design and strength 
A study of furniture sizes, table and chair heights, etc- 

dimple architectural blueprint reading and a study of detail drawings of built- 
in furniture, cabinets and sir.dlar fixtures 
A. 1 indted study cf 

(a) Historical considerations affecting furniture design 

(b) Furniture styles and periods 



DRAFTING 

Related Instruction For 
Pupils Jpeeializing in Machine dhop Practice 

Grades 11 and 3.2 

This course should include free}, and sketching, sectional layouts of details 
and assembly, pictorial layout drawing, pipe and structural fabrication, mechanical 
movement, elementary tool design and the use of handbooks and catalogues- 

Projects such as a turnbuckle or some adjusting device involving the use of 
threads; a machine part in which two or more unlike metals are held together, 
and must be shorn in section; a lubricator, in section, introducing pipe 
threads 

detail and assembly drawing of a simple mechanical mechanism, involving the 
use of threads to secure and to adjust, types of fasteners, and use of tolerances 
and fits, e.g,, a milling machine vice, a simple drill jig or fixture 
The conventional drawing of a gear; names of gear and tooth parts; development 
of an involute curve 

A series of wneel hubs to show the use of different keys 

A ratchet and arm actuated from an eccentric; calculating motion 

A fabricated steel part to show the use of welding symbols 

Thr drawing of a small gear box. The use of the handbook for data on gears, 

cams, shaft and bearing sizes 

The meaning of design terns such as factor of safety, stress, strain, centre 
of gravity, torque, shear, elastic limit 

The assembly and detail of a progressive piercing and blanking die, a precision 
pump, an air drill or a similar tool 

Electrical symbols and layouts commonly found on electronic mechanical machines 



DRAFTING 

Related Instruction For 
Fupils Specializing in 3heet Ketal Practice 

Grade 11 

Note: The drafting room should be supplied with models and stretch outs. 

1. Parallel Line Development 

^ Two-pieced round pipe elbow, four-pieced 90° round pipe elbow, ordinary 
tee-pipe (same diameters), inclined branch (sane diameters), tee-branch 
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(branch smaller), eavetrough nitre 9C° outride, eavetrough mitre 90° inside, 
eavetrough nitre other angle, eavetrough outlet, rectangular ?C elbov/, flat 
rectangular 9C° elbow, double register bo,:, single register box 

2 . Radial Li ne De velo pmen t 

Ordinary funnel with collar, roof o ac ket vrith flashing, tapered measure r Xh 
flaring lip, simple roof ventilator, fruit scoop, tapered pipe Flat one side 

3 • Triangula t ion . Development 

Rectangular pitched covers, square to rectangle taper on centre, rectangular 
reversible, round taper concentric, round taper eccentric, square to round taper, 
rectangle to round taper off centre, roof chimney saddle, ova] to rectangle off 
centre 

4 . Blue prin t R eading and Estimatin g 

llote: All patterns to be developed in the manner employed in pood trade practice. 



1 , r aral lei J^ine^ _uo ve loj?ne rit 

Five-pieced 90° elbovr side seam, elbow intersecting round pipe elbow inter- 
secting square pipe, collar intersecting an ellx>w, inclined branch offset, 
complete ventilator, offset square pipe, compound offset square pipe 

.1 , Radial Li ne Devel opment 

Round pipe on taper, round pipe tapered elbow, cyclone separator 

3 . Triangulate on Dev elopment 

Round to ellipse, square to round roof fitting, round to round tapered elbow, 
square to round tapered elbow, rectangle reversible elbow, unequal Y, two-way 
bull -head Y, oval to round Y with elbows, two-way Y flat one side, oval to 
round 90° elbow, double rectangular elbow, three-way Y in line 

4. Blueprint Reading and Estimating 



A Laboratory Course in Electrical Theory and Testing 

1 # An experimental review of conductors, non-conductors, simple series and 
parallel circuits, resistance, current and voltage measurement, Ohm's law, 
elect ro -magnetic effects as related to the automotive field 



■Trade 12 



ELECTRICITY 



Related Instruction For 
lUpils Specializing In Auto Mechanics 



Grades 11 and 12 
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2, Induced Currents 

Production of induced currents, including the elementary laws of induction 
relating to the direction and value of induced pressure with special reference 
to (l) the automotive ignition coil, (2) magnets, ( 3 ) generator and motor 

3* Jtora.-.e Batter:/ 

Construction, theory of operation and behaviour characteristics during charge 
and discharge; c are and maintenance with special precautions in handling 

4. 3,C* Generator aiid Motor 

Construction, theo:y of operation and characteristics of automotive generators 
and starting motors and laboratory methods of locating faults; study of 
characteristics of fan and other auxiliary motors 

5. Condensers 

A study of the function of capacity in circuits with special reference to the 
condenser across the breaker points 

6. Auxiliary, Automotive Electrical Apparatus 

3tudy of constructior and theory of operation of electrical gauges, meters, 
heat indicators, etc, 

7 . Voltar.e and Current nerulators 

Construction, purpose and theory of operation; laboratory adjustments and methods 
of by-pacsing 

f « Optional 

3hort laboratory course in radio mechanics leading to principles involved in 
radio installation and minor repairs 

Electronic control of automotive equipment tuch as headlights and doors 



MACHINE 3HCP rHACTICF, 

delated Instruction For 
Pupils Specializing in Auto Mechanics 

Grades 11 and 12 

Topics should be introduced as required and as the course progresses* 
Teachers should plan activities in order to make certain that the pupils have a 
good working knowledge of the following topics: lubrication of machines; cutting 

lubricants; cutting speeds; thread forms arxl standards; lead and pitch of screws; 
letter and number sizes of drills; tap drills; tolerances; marking materials— blue 
vitriol, p.russian blue, soapstone, chalks, etc,; metals— nature and use of irons, 
steels, brasses, babbitt, alloys; 3***1$. markings of steels; spark test of metals 
at the grinder; construction and use of hand tools — files, stock and dies, hack- 
saws and similar tools. 

O 
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GRADE 11 

Standard Operations 

1. Benchvork: use of layout tools; characteristics and uses of hand tools, as 

file, hack-saw, etc. 

2. Lathe: aligning lathe centres; mounting and turning wjrk on an arbour; setting 

up work in four-jaw independent chuck; squaring a shoulder; parallel turning 
using micrometers; cutting external threads 

3. Drill Press: drilling speeds and feeds for carbon and high-speed drills; drilling 

jigs and set-ups; drilling to an accurate layout 

4. Milling Machine: simple indexing for polygon shapes and spur gear teeth 

5. Grinder: sharpening tools such as chisels, scribers, centre punches; adjusting 

work rest, hood and observing safety practices 

Grade 12 

1. Bcnchwork: filing parts to a size and/or to a fit; Scraping bearings or flat 

surfaces; the use of gauges sech as screw pitch, thickness, depth, centre; 
measuring with the vernier caliper and the inside micrometers 

2. Layout Operations: using layout equipment •-parallel bars, combination set, Vee 

blocks, hook rule, test dial indicator 

3. Heat Treating; hardening and tempering steels; annealing copper tubing 

4. Lathe: advanced operations such as turning and fitting a taper to a gavige; 

drilling, boring and reaming in the lathe 

5. Drill Press: more advanced operations involving drilling set-ups and the use of 

Jigs and fixtures 

6. Milling Machine: operations to involve special feeds and set-ups such as side 

milling, cutting heyseats, etc. 

7. Grinder: the surface, tool and cutter and cylindrical grinders; purpose of 

each; names of operative parts; safety precautions; setting up work; selection 
of grinding v;heols; truing wheels; some simple grinding operations 

MACHINE SHOP PRACTICE 

Related Instruction For 
Pupils Specializing in Electricity 

Grade 11 



Operations 

1. Bench: layout tools; the selection and proper use of the hand tools common to 
the electrical trade such as files, chisels, taps and dies, size of tap drills 
for various metals, the hand hack-saw, the electric hand drill 
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2, Lathe: parallel and taper turning; using compound rest and steady rest; 

selecting feeds for turning and thread cutting; cutting and chasing threads; 
turning soft metals such as copper 

3* Grinder (pedestal): sharpening twist drills, chisels, lathe tools 



Grade 12 

1. Bench: improvement in technique and accuracy in benchwork; filing, scraping 

and fitting bearings or mating parts 

2. Lathe: taper turning using the taper attachment; finish turning in brass or 
bronze; turning running and press fits; drilling, boring and reaming; special 
screw cutting; truing shafts 

3. Grinder (pedestal): sharpening star drill, raul drill, masonry drill, carbide- 

tipped drill, taps 

4. Milling Machine: milling a flat on a shaft; cutting a keyway 

5. Technological information: types of bearings; checking shafts with dial in- 
dicator, types and uses of machine keys; classes of machine fits; toleranceps 
and limits, lubricants; ferrous and non-ferrous metals; hardening and tempering 
steel 



MACHINE SHOP PRACTICE 

Related Instruction For 
Pupils Specializing in Mechanical Drafting 

Grade 11 



Operations 

1, Bench: use of layout instruments, bench hand tools; working to layout lines or 

to gauges 

2, Drill Press: the use of Jigs and fixtures in drilling flat and cylindrical uorl 

in various metals 

3, Lathe: use of three and four jaw chucks; special turning operations; drilling, 

boring and reaming, tapping--usi ng the three- jaw chuck; screw-thread cutting 

4« Shaper: vertical and angular shaping; vise of clamps for special set-ups 

5, Hilling Machine: slab nilling--horiaontal surf arcs v external and internal 
surfaces, with side or face cutter; milling rectangular or hexagonal chapc.l 
pieces; straddle milling 



Crade 12 



Oporat i onr. 

1, Bench: layout, using chc surface plate; more difficult filing operatic " e 

closer standards of accuracy on contour work 
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2. Drill Press: drilling to a layout, drawing centres; reaming; boring; tapping; 

use of jigs 

3. Lathe: turning to close limits; use of the dial indicator; cutting external and 

internal threads; use of the taper attachment 

4. Hilling Machine:, milling a keyway, grooving, gear cutting, ucing the vertical 
milling head 

5. Metallurgy, the theory and practice of: terminology; hardness standards; S.A.E. 

ratings; metal alloys 

‘ \ ‘ r MACHINE SHOP PRACTICE 

L> ' Related Instruction For 

Pupils Specializing in Pattern and Casting Processes 

Grade 11 

1, Technological information: composition and characteristics of metals and alloys 

used in castings and metal patter nraaking; melting points of metals; normalizing 
and annealing; hardness testing; the effect of blow holes, cold shot, shrinkage, 
cracks in castings 

2, Bonchwork: the use of layout tools and materials; layout, filing, drilling, 

tapping on different metals; file and scrape a split metal pattern and insert 
dowel pins; layout of a simple casting involving different machine operations 
to check machine allowance, shrinkage and work 

3, Machine Work: simple operations on the lathe, shaper, drill press and milling 

machine. These operations should cover a study of feeds, speeds, cutting tools 
and depth of cut; machining cored holes, advantages and disadvantages of coring 
a hole, effect of too little metal for machining and hard castings; coolants for 
metal cutting; machine lubrication; safety precautions 

4, Special Machines: the gap lathe for large diameters; the pedestal grinder — 

grits, grades and bond of grinding wheels 

3. Heating Operations: sweating pattern halves together for machining; hardening 

tool steel 

Grade 12 

1. Metallurgy: heat recording devices--che thermocouple and pyrometer; seger cones; 

study of different grades of cast iron after machining to show the granular struc- 
ture and its corresponding physical characteristics; observation and discussion 

of parts of machine tools and the reasons for the selection of the materials used 
in construction; seasoning of castings to overcome warp and wind; methods employed; 
chilled surfaces on castings, uses, procedure; use of handbooks to determine the 
physical properties of metals 

2. Machine Parts: an examination of some cocmon machine parts to study their nomen- 

clature, location and function--base , bracket, boss, apron, rocker arm, bearing 
cap, braces, bushing, cam, counterweight, cover plate collar, cylinder, eccentric, 
flange, gib, housing, link, lug, quadrant, quil>, rail, saddle, tongue piece; the 
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3. 

4. 



Note 

1 . 

1 . 

3. 

4. 

5. 

6 . 

7. 

8 . 
9. 

10 . 

11 . 

o 




use of the following as an aid to c sting or machining--f itt ing strips, fillet, 
ribs, boss, hub, spigot, cast-slotted holes, taper and parallel gibs, good 
grade metal for surface subject to wear 

Benchwork: uses of more advanced layout tools; layout and methods of attaching 

patterns on metal plates; checking castings for size and defects preparatory to 
layout; bridges used in cored holes as assists in machining} repair methods to 
remedy casting defect s--plugs , brazing, welding 

Machine Operations: sequence of operations in machining a casting which requires 
a variety of machine operations; aids required in castings to facilitate machining 
--lugs, bosses, etc.; proper draft in cored holes to obviate excessive machining; 
difficulties encountered where cored hole has shifted or is out of proper align- 
ment; clamping to avoid stresses or distortion; securing work in faceplates, 
chucks, vises, angle-plates, jigs or fixtures; machining allowances; trimming 
metal pat terns--uses of portable grinder 



PATTERN AND CASTING PROCESSES 

Related Instruction For 
Pupils Specializing in Mechanical Drafting or 
Machine Shop Practice 

Grades 11 and 12 

; Suitable projects or operations on projects should be selected to give 
pupils the practical applications of the course. 

The purpose of patterns and the interrelationship of patternmaking, foundry and 
machine shop operations* What the machine designer should know about these ** 

operations. 

The historical background of patternmaking 

Planning: sketching and full sized layout; special machining allowances for 
different metals; the theory of contraction and shrinkage in castings; the shrink 
rules; draft allowances in relation to casting design and the effect in the 
machining of castings 

Pattern materials: qualit ies--vhite pine, mahogany, walnut, cherry, metal, plaster 

of paris, clay; uses and applications 

Types of patterns: one piece; two-part; split; turned; segmental 

Fillets: purpose; types 

Pattern finishing (shellac) and identification 

Assembly of parts: gluing and nailing, the use of dowel pins in split patterns 

Core prints and core boxes 

Branches of moulding: green sand; dry sond; loam; metal 

Gating moulds: purpose of gates in moulds; types of gates for various ro>tals; 

skewing gates and risers; pouring basin 
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Ketal patterns: the need for and use of these; how they differ from regular 

patterns; metals and alloys used in patterns 
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13. Die castings: comparison of die and sand castings; advantages and disadvantages, 

typical articles which may be die cast; alloys used in the casting 

1/*. Power tools: special uses and operations on power tools such as lathe and else 

sander which are peculiar to patternmaking 



3HSET METAL 



Related Instruction For 

Pupils Specializing in Air Conditioning and Refrigeration 

Grade 11 



SAFETY: Safety is essential and the use, care and maintenance of all tools and 

equipment should be stressed# 

1 , Sheet Metal Problems 

(a) Linear, angular, surface and capacity measurements 

(b) Estimating material costs 

2« Pattern Developmen t 

(a) Parallel line method: three and four piece round elbows; square elbows; 

ordinary tees and Y branches; register boxes; chimney cap or ventilator 
head; flashings 

(b) Triangulation method: principles of triangulation; forge and exhaust 

hoods; rectangular to round fittings (symmetrical and non-symmetrical); 
square to square transitions; rectangular reversibles; reducers and 
furnace boots 

(c) Radial line method: funnels, regular and flat on one side; flaring pan 

and pitched covers; tapering pails and measures; reducers 

3# Duct Construction 

Low velocity systems: blueprint symbols for ventilating and air conditioning 

systems; gauges and types of metals and materiel; cross and longitudinal seams; 

hangers and supports; elbows, tapers and offsets; streamliner branches and tee 

connections 



Seams and Seaming Allowances 



Seams: standing, double, grooved, Pittsburgh lock, riveted, lined and rein- 

forced seams; amount of material required for each; connon uses and advantages 
of each in fabrication and installation 

5. Machine, Processes 



(a) 

(b) 

(c) 

(d) 

ERiCe) 



Easy edger: turning edges on flat patterns 

Elbow edging machine: forming edges for round elbows 

Unishear, ring *.nd circle shear: cutting patterns 

Bar and tube bender: setting up and forming wire, rod and bar stock 

Spotwelder: setting up and changing tips for various 'obs; controls and 

their functions; care and safety precautions 
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(f) Power machines: it is desirable that students obtain some familiarity 

with rx>wer-ope rated equipment 

Grade 12 

SAFETY: Safety is essential and the use, care and maintenance of all tools and 

equipment should be stressed. 

1, Pattern Development 

(a) Parallel line method: intersections on irregular surfaces, elbows and 

branches, round and rectangular pipe and duct fittings, louvres 

(b) Radial line method: round and rectangular eccentric shapes, stack 

heads and tapered elbows 

(c) Triangulation: eccentric transition fittings, symmetrical and non- 

symmetrical Y branches from round pipes of equal and unequal diameters, 
rectangular Y branches with different areas for ventilation systems; 
regular and compound offsets; transition elbow3 

2. Duct Construction 

Dampers, access doors and firedoors; louvres and screens; exhaust hoods and 
fume hoods; goosenecks; belt guards; flexible connections and acoustical 
treatment; casings and housings 

3 • Seams and Joints 

Blower and ventilation systems: all the seams and joints involved in the 

fabrication and assembly of ducts and pipes such as riveted, hammered lock, 
drive cleat, "S'* cleat, standing and slip lock seams 

' 4 . Hollow Metal Wor k 

Blueprint reading; metal thicknesses; bend allowances, sharp angle bends, 
radius bends; forming procedures; methods of joining and seaming, spot 
welding, riveting, arc and acetylene welding 

5. Machine Operations 

(a) Rotary machines: wider use of the elbow edging and turning machines in 

the fabrication of pipe and duct fittings; adjusting heads for end-play, 
correct position for various gauges of metal used 

(b) Pittsburgh lockformer: adjusting for various gauges; special attachments 

6. Sheet Metal Problems 

Stretch-out lengths for elbows, offsets and pipe lengths; calculating diameters, 
lengths and areas for transition ard Y fittings; estimating labour costs 



7. foy-Acetylene Welding (Optional) 

Note: Welding should be taken in the welding shop if one is available. 

History of oxy^acetylene welding; safety precautions; glossary of terms, 
welding and cutting; care and use of equipment (tanke, gauges, torch tips 
O and valves); setting up and turning off equipment; pressures, tip sizes 
and material thicknesses; chemistry offla n.« (neutral flame, oxidizing 
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flame, carbonizing flame); corner weld, butt weld, lap weld and fillet weld; 
welding and brazing light sheet steel and small structural shapes 



8 , Qxv-Acetylene Cutting (Optional) 

Principles of oxy-acetylene cutting, setting up equipment, pressures, cutting 
tips; to cut a given straight line free-hand and using a guide bar; to cut a 
circular hole in light gauge metal 



SMAU ENGINES 

Related Instruction For 
Pupils Specializing in Auto Mechanics 



Grade 11 

Refer also to the courses in Small Engines in the Two-Year Programme. 



SAFETY 

(a) The safety precautions specified in the manufart irer*s manual regarding the 
driving mechanisms and the driven units 

(b) The necessary precautions to prevent accidental starting 

(c) Safe practices in regard to toxic and explosive fumes and in the use of tools 
and equipment 

1* The Internal Combustion Engine 

(a) A review of the two ar.d four stroke cycle of engine operation 

(b) The types and parts of small engines and the functions of the parts 

(c) Construction details such as light weight, materials, valve types, 
cylinder design and governor mechanisms 

(d) A study of engine designs such as single and multi -cylinder two and four 
stroke cycle engines with horizontal and vertical shafts 

(e) Typical engine applications such as lawnmowers, outboard motors, chain- 
saws, portable pumps and portable generator units 

2. Lubrication 

A review of the lubrication of four-stroke cycle engines; the lubrication of 
two-stroke cycle engines including the mixing of gasoline with the proper type 
and grade of oil and in the correct proportions 

3. Cooling 

(a) A 3 tudy of the air cooling systan 

O 

(b) Maintenance of cooling systems 
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h. Fuels and Fuel Systems 

(a) Inspection and testing of fuel f*imps 

(b) Examination and service of fuel filters 

(c) Pressurized tank construction 
5. Carburetion and Fuel Inductio n 

(a) Small engine carburetors - assembly and installation 

(b) Carburetion troubles 

(c) Gasoline deterioration and effects of lead in fuels 

(d) Two stroke cycle induction and crankcase compression 
6 # Ignition 

(a) A review of the fundamentals of electricity and magnetism 

(b) Electro-magnetic induction 

(c) Construction and operation of the magneto 

(d) The selecting, testing and servicing of spark plugs 

(e) Wiring of the ignition circuit 
7# Alternators and Rectifiers 

The principles, types and operation of alternators and rectifiers ; installation 
and service 

8, Starting Mechanisms 

The principle, assembly and installation of electric and manual types 

9. En gine Operation 

Safety checks before starting; carburetor adjustment; testing brake horse- 
power using fluid, electric or Prony brake methods 

10. Service Work 

Operation and repair of related units such as lower transmission units, 
electric shifts, clutches, couplings and controls; practical work should be 
performed on different types of small engine powered machines 
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WELDING 

Related Instructions for Pupils Specializing in 
Aircraft Mechanics, Auto Mechanics, Machine Shop Practice, 
Sheet Metal Practice and Plumbing 



Note: The emphasis of the course for pupils specializing in Mechanical Drafting 

should be to teach these pupils how welding techniques and practices can 
be used in machine design. 



Acetylene Welding 
Grade 11 

Note: Suitable projects or operations on projects shall be selected to give pupils 

the practical applications of the course. 

General instructions on the purpose of the course* the care of the equipment, 

safety precautions, the use of instruction sheets, work assignments. 

1« History and principles of oxy-acetylene welding and cutting; first commercial 
torch; method of producing calcium carbide; discovery of oxygen 

2. Scope of oxy-acetylene process, growth of industry, different processes 

3. Axxiliary equipment and supplies: torches; glasses; cutting machine* filler 

reds (Hercules, cast iron, bronze, etc.); squares; clamps; plier eLo, 

4. thing the equipment: connecting the apparatus; care of cylinder valves; assemb- 

ling hose lines regulators and blowpipes; shutting down the equipment; closing 
the blowpipe needle valve; releasing gas from lines and regulatois; table of gas 
pressure 

5. Care of regulators: need for releasing adjusting screws; tightening of regulator 

nuts; fibre washers 

6. Types of flames and their temperatures: carburizing; neutral; oxidizing; their 

approximate temperatures 

7. The different flames in welding: carburizing; neutral; oxidizing (nr w.ngs of 

each) 

8. The principles of good welding: fusion; bronze welding; brazing; ratio of gases 

9. Thu velocities of flame: increase of each gas to change velocity of flame; neea 
for changing tip size when maximum output of gas is reached 

10. Explosive gas mixtures: flashback; backfire; safety precautions; c-.usus 

11. Characteristics of beads: penetration and fusion; proper align re* ‘ . v* ; i ar&nce 

X 

12. The materials used and procedure in running beads without filler : 

1?, Go'ection of welding rod and fluxes: proper selection; ferrous r«‘-' . n-n-ferrous 

rods; fluxes 
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14. Importance of oxygen gas: combustion; properties; manufacture; pressure; care 

of cylinders 

15. Acetylene gas: manufacture; properties; construction of cylinders 

16. How to test welds: purpose; method; results; method of finding per cent of 

elongation 

17. To butt weld on sheet steel: material; preparation of plates; procedure; 

results; test 

1?. Theory of cutting steel: principles involved; formation of oxides; table of 

gas pressures 

19# Types of fillet welds: definition; types; convex welds; concave welds; proper 

leg length 

20. How to run beads without and with filler metal, make a corner weld without and 
with rod, butt weld on sheet metal, hand-cut straight line cuts, lap weld on 
steel plates. Testing the above welds 



Grade 12 

1, Construction of acetylene torches; purpose of the torch; mixing chamber; types 
of torches 

2, Construction of acetylene cutting torches; purpose; type of metals that can be 
cut; types of torches; oxygen-lance type; powder cutting 

3. Construction of regulators: working parts, working mechanism, types of 

regulators, safety 

4. Reconditioning tips: method of straightening tips: cleaning plugged orifices; 

dialling of orifices 

5# Guided-bend test: appearance of weeded specimens; precautions against slag; 

procedure for cutting plates; method of bending samples; results 

6, Welding and cutting on containers, tanks and vessels; rules to be adhered to 
before welding; method of cleaning; precautions to be taken during welding 

7. Multiple welds — pass welding, on groove welds; lap welds; tee welds in flat, 
vertical overhead positions 

8, Principles of joi.it design: butt velds; lap joints; tee joints; corner joints; 

edge joints 

9. Types of steel: low, medium, high; effects during welding 

10. How to circle cut and pierce holes, make a fillet tee weld, butt weld a vee 
groove, make multiple pass lap and tee welds, run a bead of bronze filler on 
mild steel, braze weld a butt Joint, braze weld cast iron, run vertical beads. 
Testing the above welds 
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Electric Welding 
Grade 11 

1. General instruct ions: care of equipment; safety precautions in using machines; 

the operation of machines on high voltage, prevention of fires; safety precautions 
for the operator 

2. To s it up A.C. and D,C. units : main supply equipment; ground cable; voltage 

control; amperage control; polarity of switch 

3. history and scope of welding: discovery of electric arc in the first part of 

the 19th century; important part played by welding during World War II; present- 
day welding procedures 

4. Proper technique for striking an arc: tapping method; scratching method; arc 

length; crater; characteristics of beads 

5. Definitions of carbon arc welding, metallic arc welding, inert gas Yielding, inert 
spot welding, automatic inert gas welding 

6. Technique of arc welding: unshielded arc; shielded arc; arc length; penetration 

due to speed of travel and current setting 

7* Joining of beads: the importance of flllinr in the crater; the proper procedure 

of striking the arc; running beads in the opposite direction 

8, Elementary electricity: comparison of D.C. current to a water system; A,C. 

current 

9* Weaving of electrodes! types, use, limitations, angles, heat control 

10, Elementary classification of electrodes: color band; type and current setting; 

where used; characteristics 

11, Study of penetration, fusion, undercut, overlap, reinforcement 

12# Construction of hand-cutting torches: plan, types, lance, pov/der 

13. The technique of making fillet welds: preparation of plates 

14. Her,/ to run stringer beads, join stringer beads, run beads using a weaving 
technique, run an edge Yreld on steel plate,, hand-cut straight line cuts, make 
a fillet lap weld. Tests on the above welds 



Grade 12 

1, Theory of arc welding; how arc is formed; reason for light and dark flashes 
during welding; ionization of coated electrodes 

2, Study of beading and building up; padding of worn surfaces; shaft-building 

3, Comparison between b3re rod and coated electrode; oxidation; lightly coated 
electrodes; functions of heavy coatings 

4, The study of multiple-pass beads on groove welds, lap welds, tee welds in flat, 
O tical and overhead position 
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5. Classification of electrodes; A.W.S. numbering system 

6. Principles of joint: butt joints, lap joints, tee joints, corner joints, edge 

joints 

7 . The proper technique for preparing and testing plates for root-bend and the root- 
face testing operation 

8. Welding and cutting on container tanks and vessels, method of cleaning, precautions 

9. How to weld in horizontal positions angle of electrodes; current used; speed of 
travel; overlap precautions 

10, Types of steel; low, medium and high carbon; effects during welding and after 
welding; elimination of cracking 

11. Effects of common elements on weldability of steel: manganese; nickel; sulphur; 

phosphorus 

12, Advanced electricity: A.C. transformers; selenium rectifiers 

13. How to make a fillet tee weld; pad a mild steel plate; pad a mild steel shaft; 
make a multiple pass weld on a lap and tee joint; weld a single V butt joint; 
preparation on mild steel using a backing strip; run beads in horizontal position; 
make a horizontal lap weld; make a horizontal butt joint with and without backing 
strip. Testing the above joints 
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SCIENCE, TECHNOLOGY ,AND TRADES BRANCH 
Five-Year Programme 



The Five-Year I'rogranjne in this Branch leads to a Secondary School Honour 
Graduation Diploma. This programme as well as leading to Grade 13 standing pro- 
vides pupils with an opportunity to study Technical Subjects and obtain technical 
knowledge and skill as a barhground for future education or as an aid to employment. 

Facility in conminicating ideas clearly and concisely either orally, graphic- 
ally or in the written form should be an objective of all programmes of the Science, 
Technology and Trades Branch. 

In all Technical Subjects emphasis should be placed on accurate measurement, 
together ’with the function, basic principle and proper use of various instruments 
and the interpretation of the data obtained. The plotting of the information and 
the interpretation of graphs should be an integral part of these courses. 

Report writing should be part of the work in all Technical Subjects. The 
writing of reports on experimental work and the preparation of essays on technical 
topics train the pupil in accurate observation and clarity of expression and broaden 
his knowledge through the use of reference materials. 

Generally in Grades 9 and 10 the pupils will receive instruction in several 
Technical Subjects. In Grade 11 the pupil is required to select two Technical 
Subjects from the list below. One of these is considered a major subject and is 
continued into Grade 12; the other, a related subject, is completed in Grade 11. In 
Grade 12 he is required to select a second related subject. 

Note: Course outlines have not been included for Grades 9 and 10 of the Technical 

Subjects. Teachers are referred to the course outlines for these grades in 
the Four-Year Programme and are expected to make suitable adaptations of 
such courses keeping in mind the time available and the technological nature 
of the courses in the Five-Year Programme. 

Course outlines are included for Grades 11 and 12 of the Te^b-iical Subjects 
which may be included in this programs. 

Major and related Technical Subjects are to be chosen from the following 



Drafting, Architectural 
Drafting, Mechanical 
Electricity 
Electronics 
Industrial Chemistry- 
Industrial Physics 
Machine Shop 

The courses offered shall be technological in nature. iVhere possible 
problems should be introduced that require numerical calculations. 

With the prior approval of the Minister, alternative Technical Subjects 
may be taken in schools unable to offer one or more of the Technical 
Subjects listed above. 



list: 



Mote 1: 



Mote 2: 



o 
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ARCHITECTURAL DRAFTING 
Five-Year Programs Grades 11 and 12 
Grade 11 



1. Building Construction Details 

(a) Preparation of working details involving the following elec .its singly 
or in combination 

Foundations: soil conditions; slab, stepped, offset, plain and rein- 

forced footings; post, pier, column and wall foundations; foundation 
waterproofing 

Frame wall construction: elements of balloon and braced frames; wood 

coverings 

Masonry wall construction: wall thickness; face and backing units 

Wood floor construction: joint arrangement, fire-stops, bridging, 

girders, trimming, floors 

Carpentry and joinery: joints, rough and finished carpentry, trim 

details 

Windows: double-hung, casements in wood and metal; raullions, caulking; 

types for wood and masonry walls 

Doors: construction, exterior and interior types and sizes, hardware 

Fireplaces: hearth, throat and flue construction; surround and mantel 

Chimneys: flue types and sizes; wall sizes and materials; cleanouts 

Stairs: types; operr-and closed-string construction; tread, riser and 

hand-rail relation 

Wood roof framing: wood truss construction; elements of the flat, lean- 

to, nip, gable, gambrel, mansard types; dormers, coverings, cornices 

Flashings: for hip3, valleys, chimneys, cornices, parapets, soil pipes 

(b) Layouts and working drawings: incorporation of the foregoing details in 

the working drawings for a kitchen equipment layout, summer cottage or 
similar project 

(c) Some brief exercise in inking should be given 

2. Building Materials and Methods 



An elementary atudy of the materials of building construction and the local 
building by-laws and practices. This study should ue carried on concurrently 
with the preparation of the details outlined in 1 above. 



M 
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Wood: drying, shrinkage, defects, sawing, grading, measurement ; properties 

and uses of various building woods 

Lime: properties; crushed and hydrated; mortar, plaster 
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(c) Fortland cement: properties, uses in mortar, stucco, concrete 

(d) Brick: varieties, uses, types of bonds, joints, mortar 

(e) Stone: classifications, properties and uses of granite, limestone, 

sandstone, marble, slate and shale; properties and application of rubble, 
ashlar, veneers; bonding and waterproofing 

(i) Concrete: proportions, mixing, placing, curing, forms, uses of steel 

reinforcing, pr?-stressing 

- (g) Gypsum products: properties of gypsum; use in plasters, boards, blocks, 

slabs; dry wall construction 

(h) Iksonry units: concrete, cinder-concrete, silica, clay blocks 

(i) Flooring: wood, concrete, terrazzo, mastic, tile, linoleum, cork, 

rubber coverings 

(j) Glass: varieties, conmercial standards; structural glass ar.d block 

(k) Faint: composition and uses of paints, enamels, vornishes, stains; paints 

for wood, metal, plaster, concrete 

(l) Metals: properties and uses of iron, steel, copper, lead, zinc, tin 

(m) Insulation: types, application and vapour barrier 

3 • History of Architecture and Design 

(a) General outline of the history of ancient building with emphasis on the 
Greek and Roman periods, particular attention being given to the use 

of materials, methods of construction and to the form and proportion of 
details of these periods which are still in use 

(b) Freehand sketches or formal drawings of representative details of the 
various periods 

Grade 12 

1. Working Drawings 

Residence plans: preparation of working drawings of a small residence 

at a scale of = l r - 0 n , complete with details such as wall sections, 
windows, main entrance doorway, porches, cornice, bay windows, doimers, 
kitchen cupboards, staircase, mantel and interior trim 

Some exercise in inking 

Mechanical equipment layouts: piping diagrams for hot water heating and 

water-supply systems; duct layout for the heating and ventilating of a 
small building 

Structural steel details: working details using standard shapes for 

steel-framed bay or similar project 

Surveys: drawing of a land plot from notes prepared in the field showing, 

buildings, natural features, levels, linear and angular measurements ; 
measurement of building details 
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2. Buildinr Materials and Kethods 

The work of Grade 11 extended to include: 

(a) Running lines and staking out- 

(b) Organization of work and secmence of trades 

(c) A study of plumbing installations including materials and construction 
of drains, soil pipe, wastes, vents, traps, fixtures, septic tanks, hot 
and cold water supply, gas piping 

(d) Heating installations: comparison of warm-air and hot-water systems, 
gravity and forced circulation; gravity or forced air conditioning, 
radiant heating; boilers, radiators, pipe and fittings, controls; 
elements of air conditioning; fuels; calculations for heat loss, radia- 
tion, duct work; insulation types, points of application 

(e) Electrical work, service entry, switches, distribution, circuit arrange- 
ments, armoured cable, non-metallic cable and rigid conduit installations 

(f) The study and preparation of specifications for a small residence covering 
excavation, masomy, rough and finished carpentry, lathing and plastering, 
sheet metal and roofing, tile work, painting and glazing, plumbing, heat- 
ing and electrical work 

3* Structural Design 

The objectives of this course are to teach good engineering procedure and to 

familiarize the students with present day structural design methods 

(a) Strength of materials: definition of strength of materials; use of 

strength of materials in structural design 

(b) Forces: compression, tension, shear, elements of a force, vectors 

(c) Stresses: mechanical properties of materials, strength, stiffness, 

elasticity, ductility, malleability, deformation, elastic limit, yield 
point and ultimate strength, modulus of elasticity, fictor of safety, 
allowable urdt stresses 

(d) Equilibrium? definition, parallelogram of forces, resultants, equilibrant 

(e) Beam Design: 

Types of loads: point load and uniformly distributed load; conditions 

for equilibrium; principle of moments 




Reactions^ calculation of R1 and R2, simple beams, cantilever beams 
Vertical shear, calculations - diagram 
Bending moment, calculations - diagram 

Internal resistance ~ resisting moment, horizontal shear (for timber 
onl>) 

Flexure Formulae* Determination of section modulus. Selection of 
beam - timber, steel 
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Deflection: definition, maximum deflection for a beam with a con- 

centrated or point load at the centre; maximum deflection for a 
beam with a uniformly distributed lo*d, formulae for beam deflection 

Simple problems in beam design in steel and timber 

(f) Properties of sections: centroids, moment of inertia, moment of inertia 

for rectangles, circles and triangles, section modulus 

(g) Design of beams and lintels: steel sections, timber sections, types of 

lintels 

(h) Column design: short columns, long columns; end conditions; least radius 

of gyration; slenderness ratio; column formulae pertaining to steel 
columns, A.I.S.C, and C.I.3,C. Codes, local municipal by-laws; timber 
columns 

(i) Timber construction: design of various structural members in timber such 

as floor joists, girders, ceiling joists, built-up sections, columns and 
rafters; uses of laminated wood 

(j) Steel construction: design of steel beams and columns; use of open-veb 

steel joists and long-span steel joists 

(k) Reinforced concrete: design of a simple reinforced concrete beam, floor 

slabs, methods of reinforcing 
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MECHANICAL DRAFTING 



Five-Year Programme Grades 11 and 12 
Grade 11 



Note: All v/ork to be done according to C.S.A. Standards. 

1. Detail and Assembly Drawing s 

(a) Machine fastenings; selection of and correct specifications for machine 
screws, studs, bolts, nuts, washers, taper pins, cotter pins, retaining 
rings and other fasteners 

(b) Keys and key-seats 

(c) Threads: National, Unified, Whitworth, Acme and Square; corase, fine 

and extra fine threads, multiple threads, right and left hand threads, 
pipe threads; thread terminology 

(d) Machine fits, tolerance, C.S.A. standards 

(e) Further sectioning; introducing broken-out, offset and phantom sections; 
an assembly in section 

(f) Drawing of machine parts from notes and sketches obtained by measuring 
actual objects 

(g) Selection and use of common metals and materials 

(h) Specifying and listing detailed and stock parts on the drawing and in the 
bill of material 

(i) Pencil drawing on transparent paper, inking and reproduction (inking 
should be touched on only briefly.) 

(j) Use of lettering devices 

(k) Dimensioning: introduction to the complete decimal and metric systems 

of dimensioning 

2. Surface Finish 

Specifying the surface quality for appearance and application using C.S.A. 
symbols for surface roughness, waviness and lay 

3. Geometrical Construction 

Geometrical construction for tangential, elliptical, involute ard cycloidal curves 

4. Weights of Materials 

Calculation of the weights of castings, structural steel, stock rnd machined 
parts and other materials 

5. Gearing 

The greater part of the time for this topic should be spent on fundamentals of 
gearing, uses of various gears and foraulae. Spur gears* tooth parts; plotting 
tooth curves by the base circle method; drafting problems involving details of 
pinions and spur gears; working drawings of spur gears using conventional symbols 
and data block in.taad of tooth ahapaa 
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6. Fictorial Drawing and Sketching 

The continuation of pictorial drawing as taught in Grade 10# Ehiphasis to be 
placed on pictorial sketching. Perspective drawing and sketching may be 
included if time permits 

7. Auxiliary vMews 

Fore advanced problems on auxiliary views; introduction of secondary auxiliary 
views and revolutions 

S. Development of Surfaces 

Triangulation method of development for objects such as transition pieces and 
irregular conical shapes 

9. Blueprint heading 



Grade 12 



Kote: All work to be done according to 0.3. A. Standards. 

1. Machine Drawing and Design 

(a) Gathering data from catalogues, hand-books and reference books 

(b) Shafts and couplings: flange couplings, shaft collars, fluted and 

splined shafts, universal joints, flexible couplings. Drawing tine 
should be limitod 

(c) Bearings: friction and anti-friction; use of manufacturers 1 hand-books 

(d) Sketching machine parts to determine approximate dimensions; making 
layout in pencil 

(e) Selection of materials - S.A.E, and A.I.S.I. steels, various metals, 
plastics and other materials 

2. Gearing and Actuators 

(a) Gearing problems: use of formulae and prepared tables of gear data for 

advanced problems in spur and bevel gears, worm gears 

(b) Drafting problems in the layout of devices producing mechanical movements 
by means of linkages, cans and electrical, hydraulic and pneumatic actuator 

3. Strength of Materials 

Design problems involving elements of strength of materials; simple tension, 
compression, torsion, bearing, direct shear and bending or deflection; unit 
stress, unit strain, ultimate stress, elastic limit, safe working stress, 
factors of safety, use of hand-books to determine physical properties of 
materials 

hew Materials, Processes and Techniques 



Pupils should become familiar with any new industrial processes or techniques 
as the process or technique becomes accepted. Guch information might concern 
*nder metallurgy, high temperature resistant alloys, materials with a low 
efficient of friction, electric discharge machining, explosive metal forming, 
UEis&io ri metals, plastics and other materials 
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ELECTRICITY 



Five-Year Programme Grades 11 and 12 
Grade 11 



SAFETY: Safe practices should be stressed. 

Problems on the topics studied should be assigned in a systematic manner 
to clarify and drill the principles involved. 

1. S? ec tro -magnet ism 

(a) The magnetic circuits the relationships between the magnetomotive force, 
flux and reluctance; flux density; formulae; C.S.G. or M.K.S. 3ystem of 
magnetic units 

(b) A study of the magnetizing curves for cast iron and comaercial grades of 
core materials 

(c) Series magnetic circuits involving various materials and air gaps; problems 

2. Insulation 

Properties of insulating materials such as rubber, varnishes, plastic compounds, 
impregnated paper, varnished cloth, tapes, asbestos and sill: 

3. Resistor and Resistance Measurements 

(a) Measuring the resistance of resistors connected in series and in parallel 
and combinations of both; methods and formulae for determining the com- 
bined resistance; problems 

(b) Electrical conductance; problems 

(c) Kirchhoff r s Laws - the solution of network circuits using Kdrchhoff's I-aws 
A. Electrical Measurements 

Hotel The proper use and care of instruments should be stressed. 

(a) The D*Arsonval Galvanometer: parts, principle of operation and its 

application in the voltmeter, ammeter and ohmmeter 

(b) Bridge Circuits: the Wheatstone Bridge, the slide wire bridge 

(c) Power Measurement: the construction and principle of operation of a 

wattmeter; proper wattmeter connections; measurement of power 

5 , D.C. Generators 

The direction and magnitude of the emfs induced in conductors cutting a 
magnetic field; formulae, problems 

D.C. Generators: parts and their functions; types and connections; self 

and separate excitation; factors affecting generated voltage; the Uiilding 
up of a shunt generator; commutation; armature reaction and cocrailating 
poles 



(a) 

lb) 
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(c) Generator characteristics: the saturation curve; the .load or external 

characteristics of shunt and compound generators; regulation; losses 
in D.C. generators; efficiency 

(d) Generator applications 

6. D.C. Koto; s 

(a) Principle; types and connections; parts and their functions 

(b) Counter Enf., manual motor starters; methods of speed control; reversing 
D.C. motors; automatic starters; dynamic braking 

(c) load characteristic curves of shunt, series and compound motors; per 
cent speed regulation; armature reaction and interpoles 

(d) Losses and efficiency 

(e) Kotor applications 

7. Alternating Current 

(a) An introductory study of alternating emf. generation; the sine wave, 
frequency, average, effective and maximum values 

(b) Inductance: definition, factors affecting inductance and inductive 

reactance, formulae and units; phase relations; non-inductive windings; 
inductors in series and parallel; application 

(c) Capacitance: definition, types, construction and operation of capacitors; 

factors affecting capacitance and capacitive reactance; formulae and 
units; phase relations; capacitors in series and parallel; application 

(d) Simple A.C. circuits, phase relationships, Ohm r s Law A.C., impedance 

(e) Vector diagrams for A.C, series circuits 

8. Transformers 

(a) Principle, construction, types and application 

(b) Voltage and current ratios 

9. Elementary Electronics 

Refer to Grade 11 Electronics. The topics selected and studied will depend 

on the time and equipment available. This section is to be deleted if the 

students receive instruction in electronics in the electronics laboratory. 
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Grade 12 



SAFETf: Safety precautions should be stressed. 

1* The Sine Wave 

(a) Definition and construction of a sine wave; cycle, frequency 

(b) Review of average, effective (R.H.3.) and maximum values and the 

relationships between them; factor of the sine wave 

(c) Equation of the sine wave, instantaneous values 

2. Alternating Current Circuits 

(a) Review of inductance, capacitance, reactance and impedance 

(b) Application of Ohm f s Law to alternating current circuits 

(c) Phase relationships in A.C. series and parallel circuits; vector diagrams 
series and parallel resonance; characteristics of resonant circuits; 
resonance curves 

(d) Power waves for A.C. circuits containing R, L, or C, frequency of power 
waves, positive and negative power, instantaneous, maximum and average 
power, effect of phase angle 

(«}' Fower and power factors definitions, meaning of leading and lagging 
power factor; measurenent of power in non-inductive, inductive and 
capacitive single phase circuits; the determination of power factor; the 
relationship between volt-amps, watts and vars; formulae and calculations 
of power and power factor 

(f) Power factor correction by capacitors 

3. Polyphase Systems 

(a) Reasons for polyphase systems, elementary two phase and three phase 
alternators, star and delta connections 

(b) Vector diagrams for balanced loads in star and delta, unity p.f. 

(c) Calculation and measurement of three phase power (balanced loads) 

A. Alternators 

(a) Construction of single ar.d polyphase alternators, factors affecting 
voltage and frequency 

(b) Voltage control, armature reaction, per cent voltage regulation 

(c) Farallel operation of alternators (Optional): synchronizing by use of 

lamps and voltmeters, load adjustment between machines, effect of 
changing field excitation, hunting 

5. Transformers 

) Construction, principle, voltage ratio, transformer equation, effect of 
loading a transformer, efficiency, conr.ercial applications 
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(b) Polarity: definition, importance and determination 

(c) Transformer connections: series, parallel, star, delta, open delta 

(d) Load characteristics! losses and efficiency 

6. Alternating Current Motors 

(a) Explanation and demonstration of the revolving magnetic field, synchronous 
speed 

(b) Three Phare Squirrel Cage Induction Motors: the principle, construction 

and commercial uses; a study of torque, slip, rotor speed and frequency 
starting current, starting torque, po^.-er factor and the operating or 
load characteristics 

(c) Three Phase Wound Rotor Induction Motors: the principle, construction 

torque, slip, rotor speed and frequency, starting current, starting 
torque, power factor, speed control and operating or load characteristics; 
commercial uses 

(d) Single Phase Induction Motors: the principles, construction and commercial 

uses of single phase induction motors; a 3tudy of special starting devices, 
arrangement of windings, starting currents, torque and speed character- 
istics, power factor and efficiency 

(e) Synchronous Motors: the principle, construction and commercial uses of 

synchronous motors; a study of starting methods, motor speed, power factor 
and power factor correction; characteristic curves 

(f) '/jotor Control: the principles, types and construction of starting and 

control devices in common use for induction and synchronous motors 

7, Instruments 

Mote: The proper use and care of instruments should be stressed, 

The theory of operation; use and circuit connections for ammeters, voltmeters, 
wattmeters, oscilloscopes, vacuum tube voltmeters and insulation testers 

8, Power Rectifiers 

The construction, theory of operation, characteristics and precautions to 
observe when selenium, silicon, controlled solid state and gaseous rectifiers 
are used commercially in single and polyphase circuits. Applications 

9. Industrial Electronic Circuits 



Refer to Grade 12 Industrial Electronics. The topics selected and studied 
will depend on the time and equipment available, Tliis section is to be 
deleted if the students receive instruction in the Electronics Laboratory. 
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ELECTRONICS 

Five-Year Programme Grades 11 and 12 
Grade 11 

SAFETY: Safe practices in the handling of electrical and electronic equipment 

should be stressed. 

This course material to be expanded or modified as time permits. It is 
assumed that the students have a background in electrical principles. If this is 
not the case, the course should be modified to include the principles required. 

1. Vacuum Tubes 

(a) Types of emission with emphasis on thermionic emission 

(b) Types of cathodes 

(c) Physical construction of diodes and triodes 

(d) Characteristics of diode and triode tubes 
Laboratory Work 

Experimental determination of tube parameters 

2, A,C, and Magnetis m 

(a) Principles of magnetism and electro-magnetic induction with reference to 
the generation of A.C, 

(b) Nomenclature of A.C., characteristics and values 
{c) Introduction to vectors 

(d) Introduction to capacitance 

(e) Introduction to inductance 

(f) Analysis of L,C,R, circuits 
Laboratory Work 

(a) Use of oscilloscope and other instruments in analysis and measurement 

(b) Colour codes for resistors and capacitors 

(c) Experimental analysis of L.C.R, circuits 

(d) Analysis of various meter movements 
3 * D iode ^Applications 

(a) Power supplies 

(b) Detectors 189 
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Laooratory Vfork 

(a) V/avefora and voltage analysis of half-wave and fall-wave power supplies 

(b) Experimental study of filter circuits 

(c) Experimental study of regulation as determined by the type of filter 
circuit and load conditions 

(d) Experimental study of an L-C circuit used with a diode detector 
4* Triode An Ideations 

Amplifier: biasing methods; classes of operation; methods of coupling; 

circuit analysis of audio and radio frequency amplifiers 

Laboratory ^ork 

(a) Production of Lias voltage by various experimental methods 

(b) Experimental analysis of voltage amplifiers, phase inverters and push - 
pull circuits 

(c) The application of the triode as an oscillator 

(d) The application of the triode as a detector 
5 • Solid State Devices 

(a) Review of th'i Bohr atom with emphasis on energy levels in semi-conductor 
materials 

(b) The p-H junction 

(c) Transistors: principles, construction, types, advantages and dis- 

advantages in comparison with vacuum tubes; amplifier configurations; 
introduction to hybrid parameters 

Laboratory Work 

Experimental study of typical simple transistorized devices 

Grade 12 

SAFETY: Tie precautions necessary to avoid high voltage shock and the care 

necessary in handling chassis and picture tubes should be emphasized. 

This course material to be expanded or modified as time permits. It is 
assumed that the Grade 11 Electronics Course has been completed, 

1, Superheterodyne Receiver 

(a) Block diagram of receiver 

Review of power supplies 

r% 

(c) Review of audio amplifiers 

yuc 

toii.i«r i «n ( d ) Superheterodyne principle 
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(a) Circuits used for frequency conversion 

(f) Study of I.F. amplifier 

(g) Study of diode detector 
Laboratory Work 

Construction of a superheterodyne receiver by stages as follows: (Experiments 

should be conducted following the completion of each stage) 

(a) Power supply including filament circuit 

(b) Audio system 

(c) I , F. amplifier and detector 

(d) Converter 

(e) Complete alignment of receiver 

2. Fault Analysis 

(a) Classroom demonstrations of various fault finding techniques 

(b) Voltage and resistance analysis of the receiver ^ 

<) 

3. Special Circuits 

The following topics to be presented as lecture demonstrations if time porraits 

(a) Electronic voltage regulation 

(b) Circuit protection 

(c) Volume control and tone control circuits 

(d) Factors influencing frequency response 

(e) Methods of connecting a record player to a radio 

(f) Tuning indicators 

(g) A,V # C. and D.A.V.C. circuits 

(h) Squelch and noise limiter circuits 
U , Gaseous Tubes 

The study of gas diodes and triodes and the application of these lutes as 
rectifiers, regulators and control devicos 

5 * Industrial Control 

perimental study of typical circuits to illustrate the application of vacuum 
bes and solid state devices for electronic control such as photo-electric 
MOBBrjaaviJ lava and time-delay relays 
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6, Television 

A basic understanding of the operation of a television receiver ; an appreciation 
of the function and adjustment of the controls 

Laboratory Work 

Adjustment of a T.V. set 
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INDUSTRIAL CHEMISTRY ' . ! 

Five-Year Frogrammo Grades 11 and 12 
G rade 11 

1 . General Chemistry 

When pupils plan to write the Departmental Examination in Grade 13 Chemistry at 
the end of the Grade 12 Industrial Chemistry Course, the teacher should ensure 
that all topics listed in the Grade 13 Course of Studies are covered. In Grade 
11 many experiments should be done by the student to establish a firm under- 
standing of equivalent weights, gas laws and vapour pressure. 

(a) The atom; structure, size, weight, representation, quantum energy levels 

(b) Why atoms unite! valence, covalence 

(c) Periodicity; atomic table 

(d) Activity: development of activity list from experiments 

(e) Ionization; conductivity experiments, coloured ions, ionic equations 

(f) Reactions and equations: review of equations, practice in writing equations 

hydrolysis with experiments; electrolysis with experiments, Downs cell, Hall 
cell, Gibb cell; experiments on equivalent weight 

(g) He^als; iron, cobalt, transition elements, principal properties of metals 

(h) Oxidation - reduction: examples, tests in terms of electron transfer 

(i) Equilibriums reversibility; law of mass action with experiments; dynamic 
equilibrium; Le Chatelier's principle; Haber process 

(j) Ionic equilibrium: acid-ba6e theory; common- ion effect; solubility product 

and Ionization constant 

(k) Co-ordinations complex ion6 

2 . Qual itative Analysis 

Qualitative analysis provides a ^ood review of chemical principles and an 
opportunity to work out equations. This topic embraces a study of the applica- 
tion of mass action, ionization, solubility product, co- pr ec ipitat ion , common- 
ion effect, buffers and pH control 

Note: Semi-micro methods nay be used to save time and chemicals and to encourage 

closer observations. 

3. Gravimetric Analysis 

(a) The construction, care and use of balances: precision; sensitivity; rest 

point 

(b) Determination of; water of crystallization in a hyd**ated salt; barium in 
barium chloride; chlorine in barium chloride; iron In ferrou6 ammonium 
sulphate; nickel in steel 
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Grade 12 



1* General Chemistry 



Continuation and completion of Grade 13 Chef, ds try 

2, Volumetric Analysis 

Comparison with gravimetric analysis with regard to accuracy, speed and basis of 
calculations (mole, molar; equivalent, normal) 

(a) accuracy of pipettes and burettes 

(b) Making normal solutions: e.g,, hydrochloric acid, sodium hydroxide; primary 

and secondary standards 

(c) Review of ph, theory of indicators, end points, mixed indicators; titration 
curves (optional) 

(d) Determining the percentage of: acetic acid in vinegar; oxalic acid in a 

cleaner; sodium hydroxide and sodium carbonate in commercial caustic, joda 
ash, borax and boric acid 

(e) 'reparation of a standard permanganate solution and standardization against 
a ferrous salt and sodium oxalate 

(f) The principles of reduction using stannous chloride, Jones reductor and 
hydrogen 

(g) Determination of the iron in a ferric salt 

(h) Ire; aration of a standard iodine solution and a standard thiosulphate 
solution; determination of copper 

(i) Det errination of chlorine in bleach 

3 . Instrumental /d ialysis 

A jtudy of the principles involved and the applications in process control of 
the following instruments: sac char ime ter or refractometer , pH meter, automatic 
t.itrator, Kessler tubes and colorimeter, photoelectrometer, fluorimeter, 
nephelometer, polarimeter, spectrophotometer, Parr bomb calorimeter, viscometers 

U, -hoto^rarhy (Optional) 

This study is to enable the technician to preserve records of laboratory set-ups, 
arid make micro-photographs and illustrations of processes and machinery. 

Mixing developer ajd fixer; developing the negative; printing by contact; camera 
values; film speeds; exposure meters; grades of paper; copying and enlarging; 
mounting; lenses; light; depth of field; filters; light and shadow effects; slide 
raking; intensifying; reducing; dodging and special effects 
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5. Organic Chemistry 

(a) The large number of organic compounds and their importance 

(b) Nomenclature 

(c) The carbon tetrad or tetrahedron; covalent carbon 

(d) Determination of percentage composition of carbon compounds 

(e) Graphic and structural formulae; isomers, homologues 

(f) The petroleum industry and its products: alkanes, alkenes, alkynes, 

botttd gases, polymers; the cracking process, extraction of products 

(g) Alcohols: production and industrial uses 

(h) Aldehydes as oxidation derivatives 

(i) Ketones 

(j) Acids: final product of oxidation; fatty acids; unsaturated acids 

(k) Esters: soap, paint, perfume 

(l) Comparison of syndets and soaps; soap manufacture; glycerol and its uses 

(m) Alkyl halides: ethyl bromide, methylene iodide, chloroform 

(n) Ethers: dimethyl, diethyl, dioxane, ethylene oxic e and cellosolve 

(o) Acid chlorides as reagents 

(p) Acid anhydride and chloral 

(q) Hydroxy acids: glycolic, malic, lactic 

(r) Dicarboxylic acids: oxalic, tartaric, succinic 

(s) Amides: acetamide, urea, thiocarbamide, plastics 

(t) Amines: reducing agents, deoxidants, ethanolamine and triethanolamine 

(u) Cyanogen derivatives 
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INDUSTRIAL PHYSICS 



Five-Year Programme Grades 11 and 12 
Grade 11 



It 19 understood that the regular Departmental course in Science for 
Grade 11 will be studied in addition to the topics outlined below- 

Students should be given ample opportunity to perform experiments and use 
equipment, 

Weekly problems should be assigned on the topics studied to provide exper- 
ience in their solution and to clarify and drill the principles involved. 

1. Energy. Work and Power 

(a) P>iergy and Work: the meaning and relationship between energy, (P.E, and 

K,E, }, work and power; efficiency; C,G.S,, K,K*S, and F.P.S. gravitational 
and absolute units for measurement; derivation of the formulae, P.E, ~ mgh 
and K,E, = ^mv^ 

Experiments Involving the inclined plane and the mechanical equivalent of 
heat 

(b) Fower: the meaning of power; introduction of the watt, kilowatt and 

horsepower; brake horsepower using the Prony brake 

2, Friction 

(a) Static, kinetic, rolling and fluid friction; experimental determination of 
the coefficient of friction, factors controlling friction 

(b) Lubrication 



3. Magnetism and Electricity 



Note: 1 Wherever possible the topic of current electricity should be taught in 
the electrical laboratory. 



Note: 2 Experiments should be performed or demonstrated to illustrate the 
topics, 

(a) Magnets and Magnetism* characteristics and laws of magnetism; properties 
of magnetic lines of force, theory of magnetism with experiments to 
illustrate; terrestrial magnetism; magnetic fields about a conductor 
carrying a current. Right and Left Hand Rules; electro-magnets and solenoids; 
factors affecting the strength of electro-magnets; hysteresis; the applica- 
tion of the electro-magnet in bells, relays and solenoid switches 

(b) Electrostatics: positive, and negative electric charges; the Electron 

Theory; the meaning of electrical potential difference; capacitors and 
capacitance; a volt as one Joule per coulorb; proof of a charge on the 
terminals of a battery; charging by induction; shielding; the escape of 
a charge from 3 point; lightning rois 



(c) Current Electricity! review ol the Electron Theory! review of voltage, 
£ current, resistance and their units of measurement, Ohm’s Law; series 
circuits, parallel circuits, series - parallel circuits; wire taHej 
' ■ ■ ‘ . Mv i formula for the resistance of wires j electrical power; induction coils 
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Generators: principles of A.C* and D.C. generators; parts and their 

functions, types and connections (schematic diagrams); effect of field 
flux and speed on voltage; factors affecting alternator frequency; 
single and polyphase generators; characteristic curves; application 

D.C. Motors: principle; parts and their functions; types and connect- 

ions; motor counter emf; methods of starting it tors; speed control; 
speed characteristics; application 

Alternating Current: the sine wave, cycle, frequency, maximum and 

effective values of sine wave voltage and current; inductance in D.C, 
and A.C. circuits; phase relations, vectors; resistance, inductive 
reactance, impedance, application of Ohm's Lav; to A.C. circuits; caj>- 
acitance and capacitative reactance; the series A.C, circuit, vector 
diagrams; series resonance; power, power factor, phase angle; trans- 
formers, Three Mhase: three-phase voltage and current; star and delta 

connections 

A,C, Motors: a study of the principles, connections, speed character- 

istics and application of universal, three-phase induction, three-phase 
synchronous, and common single phase motors 

Instruments : the D'Arsonval galvanometer, the D.C, ammeter and volt- 

meter, the ohmmeter and the wattmeter; A.C, ammeters and voltmeters 

t , St rength of Material s 

(c.) Simple Stresses: reviev; of forces and units; vector quantities; external 

and internal forces, equilibrium, action and reaction; tension and com- 
pression stresses; shearing stresses; stresses in thin pipes, cylinders 
and welded joints; safety factor 

(b) IVoperties of Materials: kinetic molecular theory and crystal lattice; 

stiffness, elasticity, toughness, ductility, hardness, malleability, 
strength, endurance limit; elastic properties of metals, Hooke's Lavr; 
Young's Modulus; Toisson's Ratio; temperature stresses 

(c) Feans: theory, types and comparative strength, shear diagrams, bending 

moments, concentrated ard distributed loads; section modu? as 

(d) Torsion: so] id and hollow shafts, transmitted horsepower, helical springs 

(e) Metals and Lon-Metallic Materials: characteristics, structure and 

properties 

(f) Testing methods: a study of tensile, compression, bending, hardness, 

impact, torsion, microscopic, supersonic and x-ray tests 

(g) Industrial rocesses (Optional) 



Grade 12 



Gtuder.ts should te riven ample opportunity to perform experiments and use 
equipment , 



Weekly problems should be assigned on the topic 3 studied to provide 
O xrerience in their solution and to clarify and drill the principles involved. 
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1 . Ac curate Measurements 

A complete review of Grade 11 measurements, C.G.S., M.I .3. and F.P.S. systems 
and their use, specialized units for hardness, viscosity and hydrometry as 
applied to local industries 

2. Sound 

Superposition of waves to get quality ana standing waves; laws of vibrating 
strings; harmonics and fundamental frequencies; resonance in air columns; 
sound interference and beats; Herschel’s divided tube; sympathetic vibrations; 
the ear; acoustics; industrial applications 

3. Light 

Units of measurement - C.P, , ft. candles, lumens, lamberts and foot-lamberts . 
Photometry to obtain C.P. ; optical instruments; the spectroscope for spectro- 
scopic analysis; interference of light by soap film and air wedge; measurement 
of the wave length of sodium light by air wedge; the electro-magnetic spectrum; 
the diffraction grating and Newton's rings; ultra-violet and infra red radia- 
tions, three dimensional pictures; the human eye, persistence of vision, eye 
fatigue and colour blindness 

4. Hydraulics and Iheuinatics 

(a) Fundamentals: concepts and definitions of fluids, solids, liquids and 

gases; density, specific gravity; hydrometry; Baumd and Twaddle Scales; 
compressibility and elasticity 

(b) Fluids in motion: fluid flow, stream] ines and tubes of flow; flow through 

a constriction; Bernoulli's Principle: effect of friction on flovr; visco- 
sity, air foils; discharge from an orifice; turbines; osmosis 

(c) Gas Laws: air pressure; measurement of air pressure; Boyle’s Law; 

Charles' law; elasticity, pressure gauges and barometers; diffusion and 
vapour pressure 

(d) Industrial Uses: fluid couplings, fluid measuring instruments, fluid 

pumps, fluid motors, fluid power and control systems; automation equip- 
ment; hydraulic presses, hydraulic lifts and other industrial applica- 
tions of hydraulics 

*j . Electronics 

Note: Wherever possible this topic should be taught in the electronics 

laboratory. 

Electron emission, electronic tubes; half-wave and full-wave rectification; 
the triode tube; the triode as an amplifier, rectifier and oscillator; the 
thyratron and its characteristics, phase shift circuits; interpretation of 
schematic diagrams; magnetic amplifiers; voltage doublers and three phase 
rectifiers; high frequency induction and dielectric heating; photo relay 
circuits. Industrial applications of diodea, triodes, transistors and 
thermistors 

6. Nuclear Ihysics (Optional) 



0 
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MACHINE 5HQF PRACTICE 



Five-Year ‘Yogramrae Grades 11 and 12 
Grade 11 



In view of the limited time allotment and the aims and objectives of this 
programme, demonstrations, exercises and assignments should replace the usual 
project method of instruction. The course is intended to emphasise the technology 
of machining practices and the capabilities of the machines and tools involved , 

SAFETY: Proper safety measures in the use of tools and equipment must be observed. 

1« Keasument 



A study of the vernier principle and its application to measuring tools. The 
purpose and application of the vernier micrometer, inside micrometer, depth 
micrometer, vernier caliper, telescoping gauges, dial indicator, thickness 
gauges, profile gauges and gauge blocks. The three-wire method of measuring 
threads. The importance of cleanliness in precision measurement. The care 
and storage of precision instruments 

2* Hand Tools and B ench .fork 



Types, characteristics, care and use of hand reamers. Rearing parallel and 
taper hole3, precautions and allowances 

3. Layout Work 

Layout work involving the use of the vernier protractor, the vernier height 
gauge, the surface plate, the surface gauge and precision V block 



4, Machine Tools 



{a) lathe: the Internal construction of the headstock, apron and tailstock; 

cutting speeds and feeds; aligning centres; applications and methods of 
form turning; a study of the angles and cutting action of lathe cutting 
tools; hand grinding ol lathe cutting tools; cutting right and left hand 
Unified threads, calculations and applications; taper turning and fitting 
to a gauge; steady and follower rest applications; drilling, boring and 
reaming; a study of work -holding devices such as lathe mandrels, face 
plates, collets and 3-and A-jav chucks; pulley and gear ratios as applied 
to speed and feoo charges, back gears and thread calculations 

(b) Drill iress: ty;e3 of drill presses; drilling, countersinking and counter- 

boring various metals; types, characteristics and use of machine reamers; 
a study of work holding devices such as clamps, jigs and fixtures; pro- 
duction drilling techniques 



(c) Shaper: cutting speeds and feeds; shaper cutting tools, angles, materials 

and cutting action; principles of the operating mechanisms (sp-ceds, feeds, 
fast return); a study of shaper operations such as external and internal 
keyway cutting, serrating, machining irregular and angular surfaces 




(d) Horizontal Hilling Machine: speeds and feeds; a study of vork holding 

devices, such as cl.vnis, vises and fixtures; typo of milling cutters, 
selection and application; conventional and climb milling applications; 
a study of mailing operations such as side milling, straddle milling, 
sawing, slitting, end milling, form milling and fly cutting; milling 
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machine attachments and their applications ; direct and plain indexing, 
spur gear cutting; purpose and application of cutting fluids 

(e) Vertical Milling Machine: a study of vertical milling machines and their 
application; relationship of speed and feed rates, depth of cut and cutter 
diameter for various materials; a study of vertical milling attachments 
and operations 

(f) Pedestal or Bench Grinde'*: grinding lathe and shaper cutting tools; 

principles of drill grinding; grinding drills; truing and dressing wheels, 
adjusting work rests 

(g) Surface Grinders: a study of surface grinders, types and applications; 

names of operative parts; a study of the construction anu use of magnetic 
chucks and demagnet izers; grinding wheel construction, characteristics 
and marking systems; truing, dressing and balancing a grinding wheel; 
grinding of flat, square, parallel and angular surfaces 

(h) Portable Grinders: types and application of portable grinders for lathe 

and bench work 

(l) Contour Cutting Band 3aw: types, sizes and care of contour cutting band 

sa vs; identification of the main parts and operating controls; a study 
of the interrelation of spe-^d, feed, material and type of blade; contour 
sawing, band filing and friction sawing operations 

5. Metallurgy 



'rhe manufacture of irons and steels; the S.A.E. system for classifying steels; 
a study of the composition, characteristics and application of ferrous and 
non-ferrous metals; a study of the characteristics of steel in relation to its 
carbon content (hardenability, tensile strength and ductility); an, experimental 
study of the purpose and resultant effects on 3teel of ihe following heat treat- 
ment operations: hardening, tempering, annealing and normalizing 



Grade 12 



SAFETY: The development of good safety habits should be emphasized. 



1. Measurement and Inspection Procedur es 

Use of the gear tooth vernier caliper, threat micrometer, small hole gauges, 
gauge blocks, sine bar, sine plate, standard measuring rods, vernier height 
gauge, dial indicator, master square, comparator and other gauges 
Surface ao? lysis 

Temperature and dust control in precision measurement 
2# Hand Tools and Bench Work 

Purpose and procedure in precision finishing methods such as filing, scrapie 
and lapping. Theory, application and lubrication of bearings such as sleeve, 
babbit and anti-friction. Theory and application of machine fits such as 
running, push, driving, force and shrink 



3. Layout Work 




Precision layout and locating by mean3 of tool-inkers * buttons, trigonometries^ 
calculations, sine bar, gauge blocks, vernier height gauge, and precision 
planer gruge 200 

Cam layouts * 
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4. Machine Tools 

(a) lathe: investigation, application and calculations for the following 

threads* Acme, Square, internal and multiple start threads; precision 
alignment and locating with the dial indicator; theory and application 
of form turning tools; the principle and application of the tracing 
attachment, backing-off attachment, turret tool post and other attach- 
ments that widen the range and increase the productivity of the lathe; 
the principle of relieving form cutters using a backing-off attachment 

(b) Horizontal Milling Machine: the calculations involved in differential 

indexing, helical milling and cam mailing; a study of cam types, motion, 
layout and application; production of helical, bevel and worn gears and 
their application; a study of tooth construction and materials for simple 
and multi-tooth milling cutters; boring with a fly cutter and micrometer 
boring head 

»<here operations are performed they should be precision milling operations 
incorporating the use of graduated collars, dial indicators, gauge blocks 
and tool-makers 1 buttons 

(c) Vertical Milling Machine: the vertical mill as a jig borer and the 

principle of precision locating with gauge blocks, dial indicators, 
measuring rods or optical gauges, edge finder, center firder and 
locating microscope; the rotary table and its application; diosinking 
operations and the principle of duplication with tracer control 

(d) Grinding; a study of grinding wheels; cutting action, types, selections 
and application; interrelation between speed, feeds, wheel characteristics, 
and nature of operation in internal and external cylindrical grinding, cutter 
grinding, and surface grinding; a study of heat control in grinding; the 
principles of crush dressing and form grinding; a study of grinding prob- 
lems, causes, effects and remedies; comparison of production grinding 

and tool room grinding 

5. Metallurgy 

A study of the principle and application of the tnermocouple and pyrometer; 
an advanced study by experiment of th<: granular structure of beat treated 
steels; further experiments in hardening, tempering, quenching, carburizing, 
annealing and normalising; a study of the properties of alloy steels, their 
uses and heat treatment; hardness testing methods such as Brinell, Rockwell 
and Scleroscope; experiments in tensile, compression aixi shear testing of 
samples and standard manufactured products 

6. A study of the composition, purpose and application of carbide and ceramic 
cutting tools 

7 . Tool Making 

Types of work done by the diemaker, jig and fixture-maker, mouidmaker and 
special machine builder; types and applications of dies, moulds, jigs and 
fixtures; construction of punches and dies, moulds, jigs and fixtures 

8. Hydraulics 

A study of the principles involved in the hydraulic control of machine move- 
ments such as pumping mechanisms, valve mechanisms, hydraulic cylinders and 
hydraulic motors 

A study of the principle and Application of recent developments in the 
machine Irrtustry such as electrical dischf-ge machining, electro-chemical 
machining, numerical control of machine tools and powder metallurgy 
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SCIENCE. TECHNOLOGY, AND TRADgo gltANC H 
Two-Year Pro nr am e 



Pupils at least fourteen years of ape v&io have been promoted to a secondary 
school and who declare with their parents concurrence that they plan to leave school 
for employment in two years (age 16) may take, where it can be made available, a 
special Two-Year Programme. 

Technical Subjects of practical value in obtaining employment after two 
years in a secondary school are to receive approximately forty per cent of the 
instructional time in the first year and fifty per cent in the second year* During 
the first year, the pupils receive instruction in a group of Technical Subjects 
including Drafting* In the second year it is expected that the pupils will select 
one practical subject as a major subject, this and a related technical subject or 
subjects accounting for fifty per cent of the pupils 1 tine. 

The related Technical Subjects should be such as to complement the work of 

the major Technical Subject selected. 

An outline of a course in Drafting is included and this may be taken as a 
related Technical Subject if desired. It is expected that teachers '**11 develop 
other courses for related subjects in the Two-Year Programme, 

A pupil who has completed the work of either one or two years of a Two- 

Year Irogramme and had demonstrated superior ability may be transferred to the 

Four-Year Programme of the Branch concerned subject if necessary to repeating ail 
or a portion of a year*s work in the latter programme. 

Pupils who conform to the requirements of the Two-Year Programme and com- 
plete the courses successfully may be granted, on the recommendation of the Principal, 
a Departmental Certificate of Standing, 

Successful completion of any course of study in the Two-Year Program© does 
not necessarily qualify the pupil as an apprentice under the apprenticeship act. 
Persons intending to become apprentices in any trade must comply with the require- 
ments of that trade* 

Course outlines are contained herein for the following practical subjects. 

Practical Subjects 



Car nr;, ufy 

Dral “ing 

Dry Cleaning 

Electrical Construction 

Graphic Arts 

Machine Shop Practice 

Masonry 

Painting and Decorating 
Service Station Operation 
Sheet Metal 
Small Qigines 
Welding 
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CARPENTRY 



Two-Year Pro^rarme Grades 9 and 10 
Grad^ 9 



ERIC 



This course is designed to stress the practical applications of carpentry 
and to develop manipulative skills and a pride of workmanship# 

The aim of this course may be accomplished through the introduction of 
practical projects which illustrate the variety of work done by the carpenter 
and which should provide a stimulus to the pupil to proceed into an area where 
he will have acquired salable skills, 

SAFETY: Ehphasize safe practices in the use of hand and power tools and the 

development of a proper regard for personal safety and the safoty of 
others . 

1, Materials 

(a) Wood structure: sawing, seasoning; classification, hard and soft, 

board measure; defects in lumber, stock sizes, measurements 

(b) Wood fasteners: nails, screws, bolts 

(c) Wood adhesives: types, characteristics, application 

(d) Wood finishes: practical kinds and their uses 

2, Hand Tools 

As applicable to the industry (saws, planes, etc,); sharpening keen edged 
tools, safe handling and care; sanding, use of coatod abrasives 

3, Machine Tool s 

Safety instruction; operation of saws: radial, circular, Jig ani band; 
suxfacersi jointer, planer; boring: drill press and mortiser 

4 , Portable Tools 

(a) Safety instruction, cords, grounding 

(b) Sanders: belt and vibrator 

(c) Saws: sabre 

(d) Drills: boring tools 

5, Bench Work 

(a) Cortsncn joints: names, uses 

(b) Assembly: use of holding devices (clamps) 

6, House Framing (Corner Section to scale) 

(a) House parts: names, purposes 
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(b) Blueprint reading: architectural drawings 

(c) Box sill construction: plates, headers 

(d) Joists: headers, trimmers, bridging 

(e) Sub-flooring: materials and methods of installation 

(f) Wall framing: plates, sole, top, layout; corner post construction; 

studs: sizes, spacing; girths, braces, strengthening; openings: door 
and window sizes, headers, cripple studs; intersecting partitions, 
methods of construction 

(g) Ceiling joist: sizes and spacing 

(h) Roof framing: common rafter, open cornice 

(i) Gable ends: framing methods 



C-rade 10 

In keeping with the trend of current building practices, it is recommended 
that in this course, information and operations together with project planning 
should provide the student with ample opportunity to attain necessary experience 
which will contribute to his proficiency and skill* 



If possible a suitable structure of adequate size to illustrate building 



principles and erection procedure should be built to provide student participa- 
tion and practical application. 

SAFETY: Stress safe practices in the use and care of hand tools and power 



1 , Construction Materials 

(a) Lumber: framing and dimension stock; plywoods and composite boards; 

grades and terms 

(b) Concrete blocks and sills: types and sizes 

(c) Brick and clay products 

(d) Sheet and corrugated sections: transite and other materials 

(e) Types of roof coverings 

(f) Builder’s hardware 

2, Equipmen t 

(a) Hand tools as applied to the industry 

(b) Portable machines: saws, drills and other portable power tools 



equipment • 



(c) Scaffolding: types and safety precautions 
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(d) Excavating arid erection machinery 

(e) Production machines 

3 . House Construction Details 

(a) Plot plans and restrictions 

(b) Footings and foundations 

(c) Sills, anchor bolts, beams and girders 

(d) Joists: spans, openings, headers, trimmers 

(e) Bridging and sub-flooring 

(f) Wall sections! exterior and interior, types of framing; partitions; 
plates, studs, girths, bracing; openings, headers, trimmers, cripple 
studs; door and window frames and sizes 

(g) Ceiling joist and cornice construction 

(h) Roof framing; common, hip and .lack rafters 

(i) Gable ends; framing and finishing 

(j) Roof covering! sheathing and shingles 

(k) Exterior sheathing and siding; types of materials 

(l) Interior finishes: partitions; drywall, lath and plaster, insulation; 

frames and doors; trim and casings 

4 . Mllwork 

(a) Simple window frames and sash 

(b) Straight stair construction 

(c) Cabinets: kitchen and storage 

5 # Cbncrete Form Work 

Types of forms, steel and wood; prefabricated forms; typical installations 
of forms as used for wall footings, walls and straight stairs 



O 
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DRAFTING 



Two-Year Programme Grades 9 and 10 
Grade 9 

The aims of this course are to teach the fundamentals of drafting and to 
give instruction in good drafting practices. 

The drafting problems selected should be closely related to the technical 
work in which the pupils receive instruction in the shops. 

Note: All work to be done according to C,3,A, Standards, 

1, Development o f Drafting Skills 

(a) The use and care of the elementary drafting instruments 

(b) The development of skill in single stroke freehand capital lettering; 
alphabets, figures and fractions. Application in note3 and dimensions 

(c) Recognition through use of the alphabet of lines - visible outline, 
hidden line, centre line, dimension line, extension line, leader line, 
section line, cutting plane line and break line 

(d) Technique in measuring using the full size scale 

(e) One-view drawings such as templates, gates, street plan and plot plan to 
develop the skills required in using the instruments 

2, Orthographic Projection (2 view to 6 view) 

Freehand sketching of orthographic views from pictorial representation and 

objects to illustrate the correct placement of views on working drawings and 

the differences between orthographic views and pictorial drawings 

3, Working Drawings and Freehand Sketching 

(a) Two and three view sketches and working drawings to scale such as full 
size, half size and 3” 1= 1 foot of rectangular objects, angular objects 
which require straight lines only such as wedges and tapers, objects 
vdth curved surfaces involving' circles and arcs 

(b) Spacing views for proper balance 

(c) ivlementary dimensioning including the locating and dimensioning of 
circles, arcs and Angles 

(d) Full sections and half sections; methods of indicating the section and 
the materials by cross-hatching, common materials only 

(e) Geometrical constructions to be included in the classroom drafting 
projects as required 



0 
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4. Detail and Assembly Drawings 

(a) Detail drawings of simple parts to illustrate conventional indications 
for operations t'uch as drilling, threading and tapping; finish marks. 
In introducing threading the simplified symbol should be stressed 

(b) Simple assembly drawings of two or more parts to show the relationship 
of the parts, the method of dimensioning the assembly and to introduce 
the bill of material and parts list 

5 , Blueprint Reading 

Considerable time should be spent in the study of blueprint reading of shop 
projects and other objects to learn the sizes, shapes, details, materials 
and processes as specified 



Note: All work to be done according to C.S.A. Standards. 

1 , Orthographic Projection 

Problems to illustrate the principles of third angle projection: objects 

with surfaces not parallel to one another; auxiliary views 

2 , Pictorial Drawing 

The use of pz.ctorial drawings expressed in such forms as isometric and oblique. 

Introduction of modern pictorial drawing practice including dimensioning 

3 • Machine Parts 

(a) Machine fastenings: selection of and correct specifications for machine 

screws, studs, bolts, nuts, washc/s, taper pins, cotter pins and 
retaining rings 

(b) Key and Key-seats 

(c) Threads: National and Unified; coarse, fine and extra fine threads, 

multiple threads, Acme and Square threads, right ani left hand threads, 
pipe threads 

(d) Tolerance 

(e) Section Views: removed, revolved, phantom, broken out and assembly in 

section 

If) Drawing of simple machino parts; drawing of ivachine pa^ts from nctes 
and sketches obtained by measuring actual objects 

(g) Selection and use of common metals and materials 

(t) Inking, pencil drawing on transparent paper and reproduction; use of 
lettering devices 

(i) Introduction to the complete decimal system of dimensioning 



Grade 10 
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h. Ggo^ otric Construction 

Drafting problems involving layouts such as the hexagon, octagon and pentagon; 
the division of circles and lines and the bisection of angles and lines (This 
work should be included in classroom projects) 

5 . Dev elopme nt of Surfaces 

Developing patterns for rectangular objects; parallel line development of 
patterns for right and oblique cut cylinders, two piece elbows and scoops. 

Radial line development applied to conical and pyramidal shapes; extension 
of parallel line development tc tliree-and four-piece elbows. Developments 
involving a combination of both methods for pattern .layout may be made from 
paper or in the sheet metal shop ♦ if available 

6 , V, for king Drawi ngs 

Working drawings of a more advanced nature involving placement and dimensioning 
of views, sections, symbols of materials and bill of material. The drawings 
should be selected from «.hop projects when suitable. The making of sketch plans 
before starting the scale drawings should be encouraged, 

7 * Bhiepri nt Readin g 

blueprint reeding for machine trades. building construction and electrical 
trades. Raading drawings representative of the shop work taught in the school 
and the work done in local industries 



6 ♦ Op tion a l Topics 

(a) Building Construction: simple floor plan., vail sections for frame and 

masonry 

(b) ^racing and Reproduction of Trawinga: the student who makes rapid progress 

in drafting should be given some practice in inking or pencil drawing on 
tracing paper 
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DRY CLEANING 



Two-Year Program.; Grades 9 end 10 



Grade 9 



1. Introduction 

Aims and purpose; shop and safety rules; historical development; present iey 
development; glossary 

2. P lant Typas 

Plant size, services offered, solvents used, ba*ic equij it 
3 • Receiving Good s 

Courtesy; customers* wants, reactions; appearance, speech, attitude, store 
and shop appearance; invoicing, pricing, identification; serviceable and 
. unserviceable garments, trimmings, simple classifying 

4 . shipping 

Verifying orders; quality control; points of inspection; finishes; scheduling - 
policy and delivery dates; pricing and invoicing; packaging - bags, boxes, 
folding articles 

5. Delivery 

Customer relations; courtesy; customers 1 needs; appearance, speech, 
atti tude 

6* P ry Cleaning 

Principles of dry cleaning; preparing loads; prsspotting and formulae; poundage 
reports; dry cleaning problems 

7. Filtration 

Principles of filtration i simple and pressure 



Principles of drjing 
10# Spotting 

Equipment; use of equipment; spotting chemicals; spotting formulae} spotting 
techniques; assessment of garments and assessment of stains; spotting methods 

11. Fabrics 



8. Di stillation 



Atmospheric distillation 



9 





Identification and construction of fabrics 
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12. Heavy Finishing 

Equipment and maintenance? utility presses; steamers; puffers, vacuum units 

13. Finishing Heavy Garments 

Long and short coats; trousers and skirts 
14* Plant Maintenanc e 

Care of building; housekeeping; working cohuitions 



1. Review of Grade 9 course 

2. D elivery 

Serviceability of fabrics; services available; company policies; sales 
techniques; vehicle management; Highway Act 

3. Solvents 

Perchlorethylcns specifi cations; Stoddard Solvent specifications; testing; 
solvent analysis; humidity control; dry cleaning soaps 

4. Filtrr lion 

Types of filters, filter aids, filter hookups, precoating, filler problems and 
their soluti :>n 

5. Filter Pumps 

Centrifugal, rotary suction and positive displacement types; solvent coolers, 

. solvent heaters, solvent temperature control 

6. Solvent Tanks 
Synthetic, petroleum 

7. Pi s tillatjon 

Vacuum distillation, cookers and sniffers, cleaning cycles, rinsing cycler 

8. Drying Cycles 

Hot units, cold units, reclaiming th soiv ,it anu olv^r.i * q .;ur. . fi-v. 
regulations 

9. Extractors 

T ypes, speeds, problems 



Grade 10 

SAFETY: Safe operating procedures in the dry cleaning industry should be 

emphasized. 
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Cleaning Unser 7iceable Garments 
Spotting 
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11 . 



12 „ 



13 . 



14 . 

15 . 



16 . 



17 . 



16 . 



19 . 



20 . 



21 . 




Equipment, use of equipment, spotting chemicals, spotting formulae, spotting 
techniques, assessment of garments and assessment of stains, spotting methods 



F abrics 

Identification and construction fabrics] dye typas, fibre types, sizings, 
shower proofing, flame proofing 



Jet Cleaning 

Equipment, tools, maintenaiice; fabric serviceability, fabric identification 
and construction, method of processing - water, soaps, bleaches, dlgestorsj 
techniques of wet cleaning garments; water analysis] soaps and detergents; 
bleaches; digestors 

Heavy Finishing 



Equipment and maintenance, utility presses; steamers, puffers, vacuum units 
Finishing Heavy Garments 

Serviceability of garments, temperatures, types of material, finishing 
standards 



Si I k Finishing Equ i pment and Mainie nanc e 

■'leeve^s, puffers, finishing boards and steam irons, vacuum units 
Silk Finishing 

Plain, fancy and bias cut dresses; hard, finishing; special finishes 
Types o f Material 

Styles, temperatures, lays and techniques to finish dresses, finishing 
standards 



Garment Stora ge 

Vault construction (refrigerated and dry vaults), vault and storage management 

t 

Furs 

Identification, cleaning, cleaning fur tri.rn.ued garments 
Leather 



Identification, cleaning, finishing 
Hats 

Cleaning and blocking 
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2> . T ailoring and Gament Re r air 

Button installation, machine operation, turn cuffs on trousers, install ^ 
or full pocket, install zipper, aitjr collar, alter sleeve, alter waist, 
alter garment- length, general repairs 

24- Operation of Steam Plant 

iTinciple of boilers, types of boilers, boiler assembly, boiler hookup and 
return, insulation, water treatment, boiler inspection and insurance 

25- Kana cement 

Daily cash control, banking, accounts payable, accounts receivable, period 
statements, financial statements, profit and loss, services, public relations, 
production standard and quality 

Sales Ilanagement 

Daily sales and control, weekly salej and control, period sales statement, 
sales training, sales analysis 

2 7 1 Advertising and jYomot ion 

p ersonnel 

Selection, training and relations 
29* Plant 

Layout and location 
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ELECTRICAL CONSTRUCTION 



Two-Year ^rogranme Grades 9 and 10 



Grade 9 



Note: In this course there should be less stress on the theoretical aspects of 

the topics listed below and a greater emphasis placed on the practical, 
applications of the principles involved * 

SAFETY: Safe practices in the use of electrical devices should be stressed. 

1. Signal Wiring 

(a) The study and construction of series and parallel circuits using lamps, 
bells and buzzers. Dry cells and a transformer to be used as sources 
of supply. Drawing schematic diagrams using standard symbols to 
represent the electrical circuits) tracing and checking the wiring 
against the schematic diagrams before operating 

(b) One or more of the above cii*cuits to be constructed using a multi- 
conductor cable 

2. Electrical Connections 

(a) Making a rat-tail, tee ana western union joints 

(b) Tinning a soldering iron: soldering fluxes; soldering 

(c) Taping and weather oroofing 

(d) Solderless connectors 

3 • Conductors and Insulators 



An experiment ad study of common metals aixi non-metals as a basis for 
classification into conductors and insulators 



A. Magnetism 

(a) The study of the properties of magnets and of lines of force using 
filings, compasses and typical magnetic and non-magnetic materials 

(b) The law of attraction and repulsion; a theory of magnetism 

(c) The earth as a magnet 



(d) Common types of magnets and their application 

(e) Methods of magnetizing and demagnetizing 



5 . Electrical Units 




(a) Simple experiments should be performed to provide an understanding of 
the meaning of voltage, current and resistance and ,he units for each; 
reading electrical instruments 
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(b) Meaning and units of power and energy; calculations 

(c) Reading a Kilowatt-hour meter and calculating a simple energy bill 
6 . Electro-magnetism 

(a) Plotting fields of force about conductors carrying current to develop 
the hand rule 

(b) Winding an electro-magnet to specifications 

(c) The factors affecting the strength of an electro -magnet 

(d) A study of electro-magnetism as applied in electric bells, chimes, 
relays, circuit breakers and lifting magnets 

7# Effects of Electricity 

Thermal, chemical, electro-magnetic and electrodynamic effects; electrical 
shock 

8, Circuit Protection 

(a) Purpose, operation and rating of plug and cartridge fuses 

(b) The protective value of a fuse and application to circuits in the home 

9. Suggested Topics 

(a) The disassembling and assembling of electrical devices 

(b) Cleaning and reconditioning small electrical devices 

(c) Writing reports 

(d) Organizing and classifying wiring supplies 

(e) Taking an inventory 

(f) A study of the types and uses of wood screws, machine screw and nuts, 
machine bolts and other fastening devices used in electrical work 



Grade 10 



Note? In this course there should be less stress on the U ev.u' icul aspects of 
the topics listed and a greater emphasis on the practical applications 
of the principles involved. 



oAFETY: Electrical hazards and the precautions to Ve tai.en - pm...: ic stressed. 

All electrical worr. should conform to the rcgwl \\ 3r r f : 1.,? lydro- 
Klectric dower Corrmission of Ontario and local Puppl* Authority, 

1. Splices and Joints 



o 

ERIC 



(a) Proper construction cf joints used in ltghtinp circuit? 

(b) A further study of solderless connectors 
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(c) Soldering, taping and weatherproofing. 

2. Materials 

(a) The recognition of common wires and cables according to size, insulation 
and use 

(b) The identification by size and description of other common trade materials 

(c) Conduit - cutting and threading 

(d) Rods of various iuaterials - cutting and threading 

(e) Various metals e.g M steel, brass, copper and aluminum - drilling and 
tapping 



3. Circuits 

(a) Further study of signal systems to include the annunciator, the apartment 
door lock system, return call system, burgular alarm systems, master 
control systems and a simple telephone circuit. Drawing schematic dia- 
grams using standard symbols; tracing .and checking the wiring against the 
schematic diagram before operating 

(b) Wiring of one or more of thn above circuits using a multi-conductor cable 

(c) A study of typical circuits a9 used in an average-sized residence; planning 
and installing circuits in non-metallic sheathed cable; using architectural 
plans and symbols; drawing schematic diagrams 

(d) Installing typical circuit in armoured cable and in conduit 

(e) The testing of circuits by means of a voltage tester and a voltmeter; the 
repair of electrical faults should be introduced as required 

4# Circuit Protecti on 

Construction, purpose and rating of special fuses; application of circuit breakers 

5, Instruments 

(a) Ammeter and voltmeters; circuit connections and precautions for their 
use; accurate scale reading 

(b) Using an ohmneter 

6, Ohm 1 s Law 



(a) A review of the meaning and units of voltage, current and resiet&nce 

(b) Ohm's Law, experimental study 

(c) Simple problems involving Ohm's Law 



7, Conductors and Non-Conductors 




(a) A more advanced study and experimental detennination of the ability of 
metals, non-metals and solutions to conduct current 
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(b) An elementary study of the structure of the atom] elementary electrostatics 
6, Electro -magnet ism 

(a) Plotting the fields of force about a helix carrying current to develop 
the hand rule; the effect of increasing the number of turns; increasing 
the current through the coil; the presence or absence of a magnetic 
core 

(b) Electro-magnetism as applied to annunciators, door locks, relays and 
telephone receivers 

(c) A study of an elementary transformer, its windings, construction and the 
basic principle of operation 

9# Types of Electric Current 

The meaning of D.C, arid A.C# and the common uses of each 

10 . Elementary Testing and R epair 

The testing of simple domestic electrical appliances and devices using a test 
lamp and an ohmmeter; making minor repairs; checking for adequate insulation 
by means of a “megger 11 or equivalent testing instrument after the repair has 
been made and before returning the device to service 

11 . Resistors . Resistance Measurement, Circular Mil Measure 

(a) A study of common resistance materials used in electrical devices such 
as lamps and heaters 

(b) Resistors: construction; ohmic and power r-'ings, application 

(c) The American wire gauge; a brief study of the wire table 

12. Ana lysis of Electric CL ' nuts 

Determination of current, voltage and resistance characteristics of typical 
series and parallel circuits 

13. Voltage Drop 

Measurement of voltage drop in electrical circuits; problems 



14. 




Su ggested Topics 

(a) Thysical examination of electronic components e,g., resistors, capacitors, 
inductors, electronic tubes and transistors 

(b) The colour codes for resistors 

(c) Single diode experiments to demonstrate emission and rectification 

(d) Construction of a half-wave rectifier 

(e) A study of the construction, care and maintenance of storage batteries 
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(f) The elementary study and practice of preventive maintenance for electric 
circuits and equipment 

(g) The principle of electroplating 

(h) The study of a typical automotive electric system 

(i) The layout, forming and punching of chassis 

(j) Sorting, labelling and classifying stores; keeping inventory records 

(k) Repair of table and floor lamps 
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GRAPHIC ARTS 



Two-Year Programme Grades 9 and 10 
Grade 9 



Type Composition (Hand ) 

1* The California Job Case and Contents 

Character and purpose of the case; the lower case letters, plan and reason for 
arrangement; the capitals, numerals, punctuation marks, ligatures, spaces and 
quads 

2. The Composing Stick 

Kinds, parts and adjustment; use, care, posture for setting; pulling a proof 
in the stick; distribution from the stick; justification; simple flush lines 

3. * Type 

Composition, parts, functions, fontage; characteristics of similar letters, 
how identified, type and print compared; point system of measuring; point 
system as applied to Deads, slugs and other material 

4. Hand Composition 

Spacing, justifying, centering, quadding; indention and justification as applied 
to regular paragraph work 

5. P roofreading 

Introduction to the use of the principal marks and their meanings 

6. Safety precautions applicable to equipment 

7 . Technical and Trade Terms 
6. Care ers in Printing 



Letterpress Presswork 



The Platen Press 

Development of the platen press, parts, care and oiling, inking, hand feeding, 
cleaning form, washing-up, packing platen, regulating impression, setting gauge 
pins, gripper and adjustment, lock-up, safety precautions, technical and trade 
terns 
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Grade IQ 



SAFETY: Snphasize safe practices in the use of tools and equipment and in the 

handling of chemicals. 

Mote: It is suggested that the student would be better prepared to enter industry 

if he were to concentrate on either letterpress printing or offset litho- 
graphy in this course* 



Type Composition (Hand ) 

1. History of Printing^ (Gutenberg to Bodoni) 

2 . Review of Type Composition, Grade 9 

3. Elementary Composition 

(a) Dumping and tying: methods, precautions and development of skill 

(b) Pulling proofs on the galley: advantages, procedure and standard of 

cleanliness necessary 

(c) distributing from the galley 

(d) Correcting in the stick and s.n the valley: general classifications of 

corrections and proper procedure^ special corrections including over- 
running 

(e) Punctuation marks and spacing: standard practr.ee for the spacing of the 

period, comma, hyphen, colon, semicolon, exclamation mark, question mark, 
apostrophe, dash, parentheses and brackets 

4* Proofreading 

Reading and correcting assignments 

5. Special Composition 

(a) Setting indentions: hanging, half -diamond, squared, diagonal, flush left 

and right 

(b) Tabular composition: rules for procedure in setting up a simple example 

of tabulated form 

(c) Leading 

(d) Initial letters: history, purpose, extent of use, rules for use in 

composition 

(e) Leaders and rules; examples, purpose, procedure for composition 

(f) Dorders: purposes, coraaon types, margins, procedure for making butted 

rvde border axl mitered border 

6. Composing Room Equipment 

Hand ittring machine, lead and slug cutter, imposing stone, furniture and racks 

7. Saw and Vertical Kiterer 
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6. The Ludlow Typograp h 
9 • S ingle Page lockup 

Materials, uses, positions and procedure 

Type C >ia position (Hand) Advanced 

1 • St udy of Materials 

(a) Type faces: classification into basic groups — Roman, Italic, Text, Sans 

Serif or Gothic, Script or Cursive, Square Serif, Novelty; a comparative 
study of available faces it the shop, identifying characteristics; Roman 
subdivided ir to old-style, modern, transitional 

(b) Recognition of type faces, type specimen book 

(c) Type sizes: application of point system, fcr.tage, alignment, shoulder 

depth 

(d) Type series 

(e) Type families: development from original face — italic, bolder, lighter, 

condensed, extended; unity with variety 

(f) Letter-spacing: examination of various faces for proper letter-spacing 

(g) Rules, borders and ornaments: brass, machine, foundry; faces and body 

sizes, fontage, purpose, use, suitability 

2, Elementary Principles of Display 

3. Planning a Job 

steps in planning any piece of job-printing or advertising — analysis of copy, 
choosing important or salient points, selection of type faces and making 
sketches 

Job Composition 

A number of Job 3 from layouts or reprint copy to be 3et, proofed, read, corrected, 
and revised. This work to consist of many types of Job work, e.g., business 
cards, envelopes, letterheads, ta.js, labels, rule forms and advertising; some may 
be broken for two colours and run on the press 



Letterp r ess Presswork 

SAFETY: Dangers and precautions as applicable to the equipment. 

1. Review of Grade 9 Frssswo rk 

2 . Hand -Fed Platens 



Putting a Job on the press: reading work docket, preparing press, putting form 
on, precautions, positioning, elenontary make-ready, checking and proofreading 
"final OK", hand feeding 
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3 • Automatic Presses 

r'arts, lubrication, feed mechanism, delivery, inking system# impression and 
packing, lock-up, auxiliary equipment 

K . K inds of cuts used in printing (originals and duplicates) 

5. Use of Type-High Gauges 

6. Stock Handling 

Handling of stock before and alter printing; cleanliness, jogging, drying 

7 . Paper 

Mechanical and chemical pulps, sources of pulp, resultant paper, paper cal-* 
culations, basic weights and sizes 

£ , Ink 

Types of ink, suitability to paper, drying, manufacture 

9. Rollers 

Types of rollers; ranufacture; glue and non-glue; care and cleanliness, proper 
wash-up solvent, setting 

10, Make-ready 

Underlays, overlays, interlays; standard marks used in marking out a make-ready 
sheet; positioning. Special make-ready, scoring, creasing, etc, 

11, Press Troubles and Remedies 

12, Technical and Trade Terms 



Offset Printi n g— Plate Preparation 
1 , Cleanliness and Care in Handling Safety Precaution s 
2 f Types of Plates Available 

Light sensitive, paper and metal direct image, paper and metal 
3, Copy Preparation 

Repro proofs, typewritten, individual letters, reprints, paste-ups, art work 
/*, Auto-positive Film 

Handling of light-sensitive materials, developing and fixing, time e.nd temper- 
ature factors 



5. 




Mounting and Stripping 

Tools and equijment, positioning, windowr, opaquing 
deposing the Plate 

Method exposure, time arid light factors; developing chemicals and their 
proper ,se 
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Offset : ‘Tinting — Plate Preparation Advanced 
• Making a Negative — Line Copy 

Construction of the camera; the process lens; illumination; scaling copy; 
arranging the copy; positioning the lens, lights and ground glass; focusing 
the image (same size); focusing the image for enlargements and reductions, 
tapes, per cent or coding; handling the film; exposing the film, time and 
light factors 

2 . Cl eanliness and Safety Factors in Handling Chemicals 

Avoiding occupational dermatitis; effect of dust on film and negatives 
3 • Developing the Negative 

Organization of the darkroom; preparation of chemicals for developing; effect 
of time and temperature; developing to an appearance and to a fixed time; 
r.in ing and fixing the negative; rinsing and drying the negative 

^ • Types cf Cameras 

Part;.' and their function; overhead, horizontal, vertical, gallej 

5 , Copy Prepa r ation 

Suitable copy; *v"ki ig vrith poor copy; over and under exposing 

6 , Mounting and f upping 

ocribing lines and touching-up broken image; corrections in negatives; opaquing, 
types of opaque and advantages; positioning of several elements of copy; p'.ge 
imposition; fold and cut marks 

7, Making the Plate ( Tresensitized) 

Types of plates, advantages and cost factors; use of ctep guide; time and light 
factors; positioning fJat on plate; exposing plate; developing the image; wash- 
ing and gumming the plate 

8, Causes of Plate Failure 

Poor plates and hov to avoid them; uneven coatings, hot spots under and over 
exposure; srreading of the image; use of long-run lacquer 

9, Types of Sxposure Frames and Sources of Light 

Pressure frames and vacuum frames; Incandescent, fluorescent and arc; pro- 
tection of eyes from light sources, 

10, Ch emistry of Light-Sensitive .Materials 

Chemical.**, their compounding and application; effect of light on the coatings 

11, Technical and Trade Terms 
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Of fset ^Tinting— Presswork 



1* Outline of the development of the Offset Process, advantages over direct 
lithography; 2 and } cylindez 1 principles 

2. Care of the Press 

Lubrication and cleanliness; wash-up 

5 . Safety Precautions 



/* . Press Chemic als 

Plate etch, fountain etch, plate gum, blanket wash, water* ink 
5. Press Controls and Adjustments 

Inking system, dampening system, feeder mechanism controls and, operation, 
delivery adjustments 

6 • Operating Adjustments 

balance of wal er and ink, handling of inks and chemicals, cylinder pressures 
7« lypes of Plates 

Suitable chemicals and treatment on the press, proper storage and care of plates 

Offset Printing — Presswork . Ad vanced 
1 • Ap p licati on and G r owth o f Lithograph y 
2. Serv icin g QampeMng System 

Setting dampener rollers; recovering dampeners with molleton or paper covers; 
pondci'.ig and etching mete Is; names and function of parts 

3 * 3er v i cinpi Inking System 

Setting rollers; deglazing rollers; cleanliness; name3 arid functions of parts 
h • J i thograrhic Ink s 

Ingredients, drying additives, suitability to paper 

5 . Papers 

Finishes, grain, standard sizes, weights; care in handling and storage 

6. Chemistry of Itesswork 

Ingredients of press and plate chemicals; ph what it is and its proper control 



7 • 3et-off Precautio ns 

Paper handling; hazards and limitations in the use of dry and wet sprays 
Blankets 

Care in normal use; changing and rotating, proper tension 
Presswork Problems and Hew to Overcome Them 

ERfC ocuTrdng, tinting, walking off, streaking, register, etc* 223 

10. Technical and. Trade Tama ... 
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MACH IKE SHOP PRACTICE 



Tvjo-Yoar Programme Grades ') and 10 



Grade 0 



SAFETY: Stress safe working procedures and safe pro*.- Li res in the use of Lools 



1 , Hand Tools and B^nch Mori: 

Description of and proper use of Lhe lollanr;: soft and hard-faced hammers, 

chisels, punc hes, f iK r, hand hacksaws, taps and dies, vises, standard 
wrenches, ? rew driver:;, letter and number stamp:, and abrasive cloth 

2 , I, ay out Work 

To prepare metal .surfaces Cor layout: with opper sulphate, chalk and layout 
dye; to layout work from blueprints or drawings using the steel rule, c.cti- 
bination set, divider, . briber, hermaphrodite aliper, surface gauge, la /out 
punch and centre plinth 

3, Measurement 

To measure with a steel rule and outside calipers; reading of outside 
micrometers c : graduated collars 

4, Machine Tools 

(a) Lathe: types and sires; the are and lubrication of lathes; idcntlfi~ 

cation cf the lieadstock, tailstock, drive plate, entros, bed, carriage 
and operating controls. To set up for and perform the following opera- 
tions: parallel turning, facing, turning to a rhoulder, grooving, 

turning a taper using compound rest and tailstock offset methods; 
knurling, filing and polishing. The construction features and applica- 
tions and 3 aad 4 jaw chucks and practice in their use 

(b) Horizontal milling machines: t/pes, sires and care of horizontal milling 

machines; identification of the column, knee, saddle, table, arbor, 
spindle overarm, arbor support and operating controls; plain milling; 
side milling 

(' ) Vertical milling machines: types, ci-es and care of vertical milling 

machines; comparison of horizontal and vertical milling machines; 
identification of the column, knee, saddle, spindle and operating zontrols 
rilling a plain surface, milling work surfaces at right angles 

(d) Drill press: types, sizes and care of drill presses; identification of 

die base, column, table, quill, spindle and operating controls; twist 
drill pirts. The pupil should he made familiar with the setups for the 
following operations: c!r‘lling with the work held ir, a vise; drilling 

with the work clamped to the table; drilling o blind hole, drilling a 
hole; drilling a bole through the diameter of a cylinder; countersinkir g; 
drilling with the aid of a jig 



and equipment 
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(e) Pedestal or bench grinder: identification of the column, spindle, 

guards, rests; instruction in safe operating practices; eye pro- 
tection, position of work rests and guards; offhand grinding practices 

(f) Power saw: types and care of power saws; setting up and cutting work 

to length; cutting fluids 

(g) Shaper: identification of the frame, column, ram, cross rail, saddle, 

tabl£; table support, tool head and operating controls; shaping a 
plain surface; shaping a rectangular block 

5. Hot Metal Working 

Operating a forge or furnace; simple forging; simple hardening, tempering 

and case hardening 

6. Finishing 

Draw filing, polishing, mist proofing, abrasive belt and disc grinding 



Grade 10 



SAFETY: Proper safety meafiures should be observed at all times, 

1. Hand Tools and Bench Work 

Threading with taps and dies; types of scrapers and their application; hand 
reaming; types and use of hand hacksaw blades; filing to size with the ob- 
ject of producing flat and parallel surfaces 

2. layout Work 

Preparing metal surfaces for layout; the use of additional layout tools such 
as a combination set, V-block, steel parallels, surface plate and tfmplatea 
for laying out work from blueprints or drawings 

3. Measurement 



The construction, care, reading and use of micrometer a, vernier calipers, 
protractors, graduated feed collars and dial indicators; the use of plug, 
ring, thread and snap gAuges 



4 . Machine Tools. Construction and Operation 



(a) Lathe: construction of headstock, carriage and tailstock; centre 

drilling, drilling in the lathe, cutting speed calculations; machining 
time calculations; standard tapers, characteristic and use; taper turn- 
ing attachment, calculations and application; short taper and angle 
turning using the compound rest; the Unified Screw Thread sy star and 
calculations; cutting screw threads; boring in the lathe; reaming in 
the lathe; the use of lathe mandrels; lathe chuck and face plate work; 
steady and follower rest applications 



(b) Drill press: fractional, letter and number eive drills, selection arid 

use; drill holding devices; work holding devices; cutting ape'* calcula- 
tions; selection of feeds for drilling; drilling to a depth, reaming; 
counterboring, countersinking and spot facing; types and use of cutting 
fluids 
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5 . 



6 . 



7 . 



8 . 
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(c) Shaper: the internal mechanicm of a shaper; setting the length and 

position of the stroke; the cross feed mechanism; shaping vertical and 
angular surfaces; sequence of operations for shaping rectangular work; 
seriating 

(d) Horizontal milling machine: changing an arbor and cutter; types of 

cutters, selection and use; speeds and feeds, simple operations and 
calculations for the use of the dividing head set; spur gear calcula- 
tions, depth of cut and selection of cutter; cutting a spur gear 

(e) Vertical milling machine; types, sizes and rare of vertical milling 
machines; comparison of horizontal and vertical milling machines; 
identification of the column, knee, saddle, table, spindle and operating 
controls; milling a plain surface, milling work surfaces at right angles 
milling angular surfaces; the use of collet chucks; selection and use of 
end mills 

(f) Pedestal or bench grinder: grinding of cutting tools; changing, truing 

and dressing wheels 

(g) Surface grinder: types, sizes and care of surface grinders; identifi- 

cation of the main parts such as the wheel spindle, table, cross allde, 
column and operating controls; safety precautions; grinding wheel 
components, construction and characteristics; the grinding wheel marking 
system; grinding wheel types and uses; changing a grinding wheel; truing 
and dressing a grinding wheel; the care and operation of magnetic chucks 
end demagnetizing; grinding plarn and parallel surfaces to given dimen- 
sions 

(h) Contour cutting band saw: types, sizes and care of contour metal 
cutting band saws; Identification of the main parts such as the table, 
upper and lower drive wheels, upper and lower blade guides, blade 
tension and operating controls; safety precautions; selection and use 
of blades; elementary sawing operations; welding land saw blades 

Elementar y Metallurgy 

The S»A.E. system of classifying steels; shop testa for Identifying common 
□etala; physical characteristics and uses of ferrous and non-fervous metals; 
hardening and tempering; case hardening methods; normalizing, annealing 

Hot Metal Work 

Forging, drawing and shaping 
Fasteners 

The identification and use of fasteners such aa rivets, bolts and nuts, cap 
acrevs, aet screws, selt-tapping screws, flat and lock washers and Jam nuts; 
the identification and uae of flat, feather, woodruff and gib head keya 

Re pair and Maintenance 



Belta: typea, selection, proper operation and repair; power transmission , 

speed changes; lubrication - bearing typas, greaae and oil fittings, Special 
lubrication systems 
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M ASONRY 

Two-Year Programme Grades 9 and 10 
Grade 9 

SAPiSTY: Safe practices and the pi\ jse of tools and equipment should be 

stressed, 

1* Introduction 

National Building Code and local by-laws 

Use of masonry in construction; bearing and non-bearing walls; properties 
of masonry materials; advantages and disadvantages of masonry construction 

2. Materials Used in Masonry and Concrete Construction 

Bricks, blocks, natural and artificial stone, poured and pre-cast concrete 

3. Manufacture of Bricks 

Materials used, dimensions of bricks, clay terminology, present day methods 
of brie*; manufacture 

4. Classification of Pricks 

Types and their uses; definition of terms e*g* stretcher, header, soldier: 
nomenclature; quality; coring and frogs 

5# Mortar Ingredients 

(a) Portland cement: properties, marruf' cture and storing 

(b) Lime: types, properties, manufacture, storing and handling 

CAUTION: Unslaked or lump lime is dangerous if not properly handled 

and is not recommended for student use* 

(c) Sand: quality, surface texture, storage 

(d) Waters clean and free from foreign matter 

6. Mixing Mortar 

Ingredients, proportions, water content, fatness and shortness, usable time 

7. Brick Work 

(a) Bonds: conrnon, English and Flemish bonds and with variations 

(b) Brick co'irses: meaning, dimensions of horizontal and vertical coursing 

stretcher, header, soldier and rowlock courses 

• Brick Laying Skills 

Goaking lime, screening sand, mixing mortar; stringing mortar; laying bricks 
,o a line, laying between leads; plumbing a stopped end 
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9* Con c rete Blocks 

Manufacture: materials used* dimensions and types of concrete blocks; 

characteristics and application; laying concrete blocks 

Grade 10 

Note: Reference should be made to the Netion&j Building Code and to local 

building by-laws. 

SAFETY: The proper use and care of tools; the' necessary precautions for lifting 

and carrying materials, and using scaffolds, hoists and equioment 
should be emphasized and reviewed periodically. 

1. Mortar 

(a) Properties of hardening; the meaning of cohesion and adhesion; additives 
protection from weather 

(b) Cement mortar and lime mortar ingredients; properties and application 

2. Mortar Joists 

Characteristics and application of flush, struck, rodded, Vee, raked, beaded, 
drape and weathered joints 

3 . Bri ck Laying 

Layout of brick courses for different bonds; stringing mortar; laying brick 
courses; the racking of a corner; supporting and setting an arch; laying a 
rowlock sill; setting out and laying a corbil; planning and laying decorative 
panels and spandrels 



4. Brick Construction 

(a) Vails: bonds and coursing; bearing and non-bearing 

(b) Arches: types and construction 

(c) Piers: bonding and construction of small and large piers 

(d) Chimneys: 3 izes and application of chimney flue tiles and cleanouts; 

construction of a typical chimney 

(e) Fireplaces: plans and details; materials used in fireplace construction 

construction of a typical fireplace 

5. Masonry Blocks 

The manufacture and application of various types of masonry blocks; layout 
of block courses; bonds and decorative bond wcrk; back-up masonry blocks; 
relationship between brick and block coursing; damp proof courses; parging 
and waterproofing 

6. Stonework 

q (a) Stone: types, characteristics, strength, ease of cutting, water 

absorption, weathering and erosion, manufacture of artificial stone 
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(b) Tools: identification and use of stone mason's common tools 

(c) Skills? laying out, preparing, setting and pointing of stonework 

(d) Bonds: types for rubble and ashlar 

(e) Finishes: e«g« hammered, tooled, sawn, polished 

?• C oncrete 

(a) Portland cement: properties, uses in concrete, handling and storing 

(b) Aggregate: types, particle size and shape, handling and storing 

(c) Proportions for various strengths: quantities of cement, water and 

Aggregate; factors affecting the strength of concrete 

(d) Mixing: hand and mechanical mixing, ready -mixed 

(e) Placing: form preparation; placing and vibrating concrete 

(f) Removing forms: strength requirements of concrete before removal of 

forms; patching and finishing; curing and hardening 

(g) Additives; e«g, colours, accelerators, retarders 

(h) Protection from weather and damage; maintaining proper conditions for 
curing end hardening 

(i) Reinforced concrete and concrete for special purposes 



O 
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EAINTING AND DECORATING j 

\ 

Two-Year Programme Grades 9 and 10 ] 

Grade 9 

•SAFETY: Safe practices in the handling of paints and solvents and the use of 

ladders and equipment should be emphasized, 

1. Introduction 

History of painting and decorating; the painter's place in the building 
traces; qualifications of a good painter 

2. Brushes 

Types, material, construction and manufacture; bristles; sources (natural 
and synthetic) 

3* Care and Maintenance of Brushes 

Breaking In, storage, cleaning, brush suitable for the job, brushing 
techniques 

4. Glossary of Terms 

A study of common terminology of materials and techniques used in the trade 
5* Value and Uses of Pain t 

Preservation; decoration and appearance, sanitation; illumination - a modern 
approach; special uses such as fireproofing 

6. Composition and Properties of Paint 

Pigments and their sources; vehicles - types, sources and substitutes; driers - 
types, sources and uses; thinners - types, sources end substitutes 

7* Paint Pigments 

Natural, chemical and synthetic; sources of white and coloured pigments; 
purpose and use of extender pigments 

8, Vehicles 

Linseed oil: manufactured, raw and boiled; uses; other vegetable oils such 

as tung and nut oil; suitability of mineral, animal and fish oils 

9- Driers 

Types and sources reviewed, dangers of misuse, oxidation vs. evaporation 
(correlate with Science) 

10. Solvents 

True and synthetic; uses and purposes 

O 
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11. Priming Coats 

Importance of proper foundation] purpose and value of priming coat; com- 
position of primer; proper mixing of the prime coat; application - special 
preparation of wall surfaces - neutralization 

12. Undercoat 

Purpose and value of a good undercoat; composition and mixture; proper 
preparation and application - putty and its uses; kinds and types 

13. Finish Coat 

Kinds and types; the proper finish for the purpose; composition and mixture; 
importance of proper application 

14. Light and Col o ur 

Definition, the spectrum - origin of true colour; refraction, reflection, 
absorption 

15 . The Chromatic Wheel 

Value and use; primary, secondary and tertiary colours 
16* Complements and Their Use 

True, split, double, triads, mutual, split mutuals; analogy of colours 
17. Colour Values 

Hues, tints, shades, tones; colour designing; colour harmony and colour 
association 

18# Freehand Drawing 

Highlight, shadow, simple motifs 



Grade 10 

SAFETY: Safety precautions previously outlined and the use of scaffol 's should 

be stressed and periodically reviewed# 

1* Review the Grade 9 course 

2# SU ins 

Sources, natural and synthetic; mixed; proper mixing; purposes and uses; 
proper application 

3. Shellac 

Sources, manufacture, solvents; mixtures and cuts - wMte and orange; purposes 
and uses; proper application; shellac finishes •• French polishes; coloured 
shellacs 



O 
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4 . Varnish 



Composition: gums, solvents, driers. Gums: sources, refining, by-products, 

rtosin and turpentine: kinds, purposes, uses. Importance of proper application: 

glo^s, flat and rubbed finishes. Exterior and interior uses 



Design! ng, cutting, abdication, proper use; decorative value, types 

f, >Vonds Veneer s 

Identi f Lcati on of common woods; grain and fibre of hard and soft woods; uses 
in floors, furniture, trim and constriction; veneers and plywoods; origin, 
composition and use of fillers; preparation for finishing; finishes 

V* .Vail do\ e rings 

njrin > fo ,<anu f;.t t.ui e; a tour of waltpaper manufacturing plant; types and 
pattern > (strai di. and drop); wallpapur, cotton, burlap, silk, wood veneers, 

lincrusi i 9 t nnosacd 

B, Hanging .Va JJL Coverings 

Preparation of different wall surfaces; measuring and cutting paper; trimming, 
use of trinjioj ns; folding of paper. Fasting: types, mixtures and composition 

of adhesive. Hanging: use of chalk lines and other methods used to hang 

first strip; proper starting place of first strip; techniques of proper 
application; use of special tools 

V. 

iiteri it.: pi a >>, putty, brads; tools; replacing broken lights of glass; 

} reparat on of new and old surfaces, jroner application 

10. i: ic ^..d - are w; t..,--*!! jaiit such as ladders, jacks, drop sheets, blow torch, 
olea jr*3 dines, sanders and spray equipment 

11 . Dc-i igninj : .uid itage Get s (Optional) 

p<* .i rid in' Jo .mjj'i Uii lding, painting, finishing 
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SERVICE STATION OPERATION 



Two-Year Programme Grades 9 and 10 
Grade 9 

Pupils taking this course should, where possible, be given Business 

Practice as a related subject in both years. 

Topics from the Grade 9 Auto Mechanics Course may be used to supplement 

the following if time permits. 

1. introduction to shop; safety precautions in regard to toxic and explosive 
fumes, gases or liquids, lifting equipment, power tools; shop and personal 
cleanliness; the use of seat and fender covers 

2. Names and purposes of common tools used in a service station 

3. Lubrication: chassis, types of fittings, threads; methods of applying 

lubricants, practice in lubricating automobiles; common types of engine oils, 
gear oils and greases, S.A.S. specifications, detergents in lubricants; 
changing oil and grease and checking levels 

4. Fuels: gasoline, grades and pvrposes; location of filler cap; diesel fuel, 
care in handling; action to be taken in case of emergency such as spilling, 
collision of a vehicle with a fuel pomp, etc.; if possible, practice in 
serving fuels and cleaning windshields, etc. , should be given 

5. Fastenings: identification of bolts, nuts, cap screws, threads, rivets, 

washers, cotter pins; their use and application 

6. Tires: construction, types, sizes, types of cord, types of rubber, snow 

tires; practical work in changing, patching and servicing tires 

7. Batteries: testing, filling, charging batteries; grades of batteries and 

reason for price variations; pre.ctical work in charging and servicing 
batteries 

8. Washing and polishing: methods of washing, detergents and cleaning compounds 

polishes, types, methods of application; practice in washing and polishing 

9. Cooling system: liquids used in cooling systems; testing anti-freeze; 

replacing hose connections and fan belt; practical work in servicing cooling 
systems 

10. Public relations: merchandising, inventories 
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Grade 10 



Topics selected from the Grade 10 Auto Mechanics course may be used to 
supplement the following topics if time permits. 

1. Safety: review of safety precautions in regard to toxic and ^ypl:, >5 //o 

fume 3 , gases, liquids, lifting equipment, power tools, etc*; stress the 
importance of personal cleanliness and good housekeeping in the shop and 
the use of seat and fender cbvers 

2. Chassis units; names and location of units; purpose of major units and 
their special lubrication 

3. Tools; names, purposes and care of special tools used in service station 
work; maintenance and repair; instruction on some power equipment 

i*. Lubrication; details of checking and lubricating various types of power 
units on modern cars; details of S.A.E. lubricants and additives u3ed by 
the manufacturer and those sold by other than oil companies; lubricating 

and adjusting front wheels 

5. Fuels: further precautions in handling; storage problems; insurance under- 

writers safety x*equir aments 

6. Electrical system: names of units; the wiring connections and wire sizes 

used in lighting and ignition circuits; lamps and sealed beam units; fuses 
and relays; spark plug siztj, heat range, cleaning, spacing and testing; 
changing batteries and cables 

7. Fastening: f 'aijii ] j ari call on with more threaded parts such as machine and 

metal screws 

8. Running Pear. 

(a) Front wheel suspension systems - enough theory to enable pndlr :o 
recognize faults or worn parts 

(b) Wheel nr gins - the names of the wheel angles, checking toe-in 

(c) Wheel balancing 

(d) Crocking brake Lining and master cylinder le/el 

9. Body work; chrome trim, touch up paint jobs, types of paint, 

types of rubbing compounds, the use of fibre glass and plastics in small 
repairs 

10. Cooling system; cleaning compounds, precautions, flushing the cooling 
system, replacing e&jansaoii plugs, installing block heaters; pressure 
systems and pressure caps; diagnosing mircr troubles, locating lep.ks 

11. Correction of exhaust system troubles, e.g. replacement of defective units, 
gaskets and brackets, alignment of exhaust system 

12. Further work on public relations, merchandising, inventories, estimating, 
making out inroices, receipts, etc. 
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SHEET METAL 

Two-Year Programme Grades 9 and 10 
Grade 9 

SAFETY: Safe practices should be emphasized regarding the handling of materials 

and the use, care and maintenance of all tools and equipment* 

1. Material s 

(a) Common sheet metals - (e,g. galvanized iron, tin plate, cold rolled 
steel, aluminum) 

Description and uses 

Advantages and disadvantages of each 

Standard sheet sizes and gauges for ferrous and ron-ferrous metals 
Methods of manufacture 

(b) Soft solders: compositions; melting temperatures; uses 

(c) Soldering fluxes - (e.g. muriatic acid, zinc chloride, sal ammoniac, 

rosin, soldering paste and phosphoric acid): composition of fluxes; 

corrosive and non-corrosive types; purposes and uses of fluxes and dip 
solution; methods and reasons for defluxing after soldering; handling 
of acids 

(d) Motal fasteners 

Tinners 1 rivets: weights and sizes 

Sheet metal screws (sizes and drill sizes) 

(e) W^re 

Coatings 
Gauges and uses 

2 • Measurement and Layout 

(a) Use of squaring, measuring and marking tools 

(b) Types of lines and coutoon angles 

(c) Scale drawings of patterns 

(d) Plano surfaces, *,g. circles and regular polygons 

(e) Laying out from a working edge and a centre line 

(f) Templates and their use 

(«) Working drawings (orthographic prelection) 

(h) Notches and their uses 

(3 ) Seam and reinforcement edge allowances 
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3. Machine Processes (Machines and Operations) 

(a) Adjustable bar folder: main parts, capacity, safety precautions; setting 

and looking gauge; use of stops for various angles; types of folds, e.g. 
single hem, open and double closed folds 

(b) box and pan brake: main parts; capacity, safety precautions; adjustments 

of fingers 

(c) Fool operated squaring shear: main parts, capacity, safety precautions; 

use of gauges (sid^, back and front) ; securing a working edge; cutting 
on a line 

(d) Slip roll forming machine: main parts, capacity, safety precautions; 

breaking in material; feeding material between rollers; adjusting 
tension of rollers; forming cylindrical objects 

(e) Standard hand brake: main parts, capacity, safety precautions; straight 

bending; forming a Pittsburgh lock 

(f) Drill press: operating procedure 

4* Hand Processes (Tools and Operations) 

(a) Bench stakes: description, name and uses 

(b) Cutting and notching; use of straight, curved, aviation and combination 
snips; use of side-cutting pliers and virecutters 

(c) Hand lever punch: main parts, capacity, changing punches and dies, uses 

(d) Soldering: weights, sizes and purpose of soldering coppers; conductivity 

of copper; oxidation; capillary action; tinning a soldering iron; solder- 
ing a lap saam 

(e) Grooving: grooved seam allowances; use and selection of hand groovers; 

completion of grooved seam; button punching 

(f) Riveting: spacing, punching or drilling rivet holes; use of rivet set 

(g) Wiring: wired edge allowances; preparatory folds; forming vdre; completion 

of wired edges 
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Grade 10 



SAFETY: Safe practices should be emphasized regarding the handling of materials 

and the use, care and raintenance of all tools and equipment, 

1. Materials 

(a) Common 3heet metals: common properties - tenacity, malleability, con- 

ductivity, ductility, specific gravity, metallic lustre and fusibility 

of such metals as galvanized iron, tin plate, cold rolled steel, aluminum 
and copper; methods of manufacture; approximate costs 

(b) Fluxes; types, applications, preparation of fluxes for various metals 

(c) Metal fasteners; tinner's, pop and aluminum rivets; sheet metal screws; 
machine bolts and nuts; hinges, catches, hasps and staples 

2, Measurement and Layout 

(a) Geometric problems: erection of perpendiculars, bisection of angles and 

arcs, construction of regular polygons 

(b) Mechanical Drafting: working drawings (orthographic projection) free- 

hand sketching of isometric and oblique pictorial views 

(c) Laying out: transferring dimensions from a drawing to the sheet metal; 

use of indentations for locating bending lines; procedures for deter- 
mining circumferences of circles mathematically; step-off method and 
circumference rule; perimeters, areas; adding seam allowances for double, 
grooved, riveted, soldered and Pittsburgh lock seams; drive and n S 11 cleats 

3 • Pattern Development 

Note: Scale drawings should be made of all articles; all patterns developed 

should be regular trade size and fabricated in metal, 

(a) Parallel line method: the principles of parallel line development; 

developments such as two and three piece round elbows, square elbows, 
rectangular offsets, 90° and 45° T Joints (equal and unequal diameters); 
trough mitres 

(b) Radial line method: the principles of radial line development; develop- 

ments such as right cones (frustums and truncated cones), square and 
hexagonal pyramids (frustums and truncated pyramids); funnels, rain 
curtains, pitched covers, measures and tapered pails 

(c) Triangulation method: the principles of tri angulation; developments such 

as pitched covers, rectangular tapers and hoods, round tap>ers, square to 
jound transitions (symmetrical) 

4, Hand Process (Tools and Operations) 

(a) Cutting: use of aviation, scroll, straight and curved snips 

(b) Folding and forming; use and recognition of bench stakes and improvised 

O stakes in forming cylindrical and conical-shaped articles 
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(c) Pdveting: blir l riveting; pop riveting; use of cranked pliers; use of 

aluminum, brass rind stee] rivets 

(d) Soldering: selection of soldering iron, selection of proper flux, 

tinning metals in preparation for soldering; soldering dissimilar metals; 
proper application of solder to various types of seams e.g, overhead, 
vertical, riveted and grooved 

(e) Double and bottom seaming: metal allowances required, preparatory folds, 
method of turning seam vith mallet; drawing metal back from folds; 
squaring and tightening seam in both rectangular and cylindrical objects 

(f) Drive and "S 11 cleats: lues and method of forming 

5. M achine Processes (Machines ani Operations) 

(a) Continued use of squaring shears, bar folder, hand brake, box and pan 
brake for further fabrication 

(b) Slip roll former; cylinders and conical shaped articles; wire; wired 
edges 

(c) Lockforner: capacity; attachments; forming Pittsburgh lock and flange 

(d) Bar arid tube bender: setting up and forming heavy wire, bar and rod 

(c) Circle shears: cutting discs and straight slitting 

(f) Unishear: cutting patterns 

(g) Rotary machines: basic operations involved with the turning, edging, 

wiring, crimping, beading and easy edger machines 

(h) Spot welder: care and safety precautions, types and capacity of machines, 

setting up and changing tips, controls and their functions, practice in 
operation 

6 * Shop Maintenance 

Care of hand tools, sharpening; oiling; painting and maintenance of bench 
and floor machines 

7* Air Conditioning 

History of heating; basic elements of a heating system; furnace accessories 
(blowers, humidifiers, filters); registers, grilles, diffusers: choice of 
fuels; fuel burners; types of yarn air heating systems; maximum economy of 
fuels; determining the heating load; balancing warm air systems; sumer air 
conditioning 
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(c) Pumps: impeller and rotor types 

(d) Forced air system 

(e) Trouble prevention and maintenance 
8< Fuels and Fuel Systems 

(a) Handling and storing fuels; precautions 

(b) Gravity system 

(c) Pressure differential and hew obtained in the two-and four-stroke cycle 
engine 

(d) Ptimps: types and operation 

(e) Fuel induction: two-and four-stroke cycle engines 

(f ) Basic principles of carburetion 

(g) TaiJk construction 

(h) Carbon monoxide gas: dangers and precautions 

(i) Air cleaners: types and purposes 

9. Ignitio n Systems 

(a) Fundamentals of electricity 

(b) Current flow - Ohm f s Law 

(c) Magnetism and electro -magnetism 

(d) Electro-magnetic induction 

(e) Spark plugs: heat rangei selection and service 

(f) Application of the above in battery ignition systems and in magnetos 

10. Use and selection of hand tools 

11. The dismantling and assembling of an engine to become familiar with the 
relationship of the various units 



O 
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Grade 10 



SAFETY: Review of safety precautions outlined in Grade 9. 



1. Engine trouble diagnosis 

2. Engine: repair and maintenance including the full use of manufacturer's 

manua Is 

(a) Proper dis-assembly instructions to include handling, cleaning and 
marking mating parts 

(b) Measurement of parts to determine wear 

(c) Fits and clearances - necessity for accuracy 

(<] ) Corrective measures to meet the manufacturer's standards as specified 
in manuals 

(e) Assembly according to manufacturer's standards, e.g. proper torques 
and lubrication of parts and seals. This will require instruction in 
the use and care of special tools and equipment 

(f) Oil seals and gasket installations 

(g) Governor: operation and adjustment 

(h) Manual starting equipment and installation 

(i) Testing for overall speed range, operation and power, including use of 
test equipment 

3. Lubrication 



Properties, identification, selection and application of lubricants 



4 . Coolin g 

Diagnosis and study of overheating and underheating problems; corrective 
measures, e.g. pump rebuilding; study of corrosion, causes and prevention 



5 . Fuel Systems 



(a) Properties of engine fuels and the conversion of fuel to mechanical 
energy; vapourization t .0 achieve combustion; combustion and its by- 
products; simple carburetion to include gasoline-air ratios, venturi 
action and carburetor circuits; modern carburetion Including gasoline 
filters; carburetor dis-assembly, proper cleaning and examination of 
parts and their relation to each other; carburetor assembly; carburetor 
installation and adjustment; air cleaners, service and installation 

(b) Fuel pumps: diagnosis of troubles; corrective measures including 

complete rebuilding of pump 




(c) Tank operation and construction 



Batteries; construction, selection, care and testing 
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7. Ignition 

(a) A review of magnetism and electromagnetism 

(b) The production of high voltage by induction 

(c) The principle, construction and operation of magnetos 

(d) Operation and construction details of battery coil ignition units 

(e) Adjustments, e.g. point adjustment 

(f) Ignition timing including the use of special equipment 

8. Char^ring systems: their operation and circuits 

9. Starting systems: types, operation and installation 

10, Starting the engine: safe procedures should be stressed 

11, Engine Tune-up 

(a) Special tools and equipment 

(b) Procedure 

(c) Practical application 

(d) Trouble shooting: correct procedure and application 

12, Special drives, gear trains, simple transmission and lower units; operation, 
assembly and service 

13, Parts 

(a) Reporting on the parts required by the description, part number and 
cost 

(b) Explanation of parts warranty 

14, Storage 

Stonge precautions, e.g. right way up, drainage, use of inhibitor oils; out 
of season storage, carrying out of manufacturers 1 re comae ndat ions 
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W ELDING - ELECTRIC ARC 
TVo-Year Programme Grades 9 and 10 
Grade 9 

Note: If the pupils have not b*en previously instructed on the safety pre- 

cautions and operation of oxy-acetylene equipment thorough instruction 
should be given* 

SAFETY: The pupils should be made familiar with the shop routine and the; safe 

operation of all the equipment. 

1, Introduction 

Definition and history of arc welding] inspection of arc welding machines 
in school shop* demonstration of arc welding 

2. Welding Equipment 

(a) Hoods: method of inserting clear and coloured glass; shades of lenses; 
materials used for helmets 

(b) Cables: ground and eiectrode connections and methods of securing 

(c) Holders: different types end sizes 

3$ fr iargy Supply 

7>pes of arc welding machines; simplified explanation of current, voltage, 
and their relation to good welding; simple welding circuit 

Fu ndamentals of Welding 

Striking an arc by scratching and tapping; electrcde angle, sound of arc, 
speed of travel, formation of the crater, frozen electrode, arc length; 
magnetic arc blow; types of weave motions and need for uniformity and 
appearance 

5. Elect r odes 

A etudy of E60]J2, Ei013 and E6014 electrodes; colour identification; power 
supply 

PRACTICAL WORK 

1. Welding Operations 

Note: Stress the use of the welder's chipping hamer and wire brush to 

clean all deposits 

(a) Inserting clear and coloured glass in helmets in proper locations 

(b) Securing ground and electrode connections; adjusting current of welding 

O machine] checking main power switch 
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(0 Striking arc and running parallel stringer beads on mild steel plate 
from left to right. Use 1/8" and 5/32" straight polarity electrodes 
(Point out need for penetration and fusion) Repeat from right to left 

(d) Repeat the exercises using 1/8" and 5/32" reverse polarity electrodes 

(e) Running parallel beads using crescent weave motions on mild steel plate 
Use both types and diameters of electrodes in (d) above 

(f) Running beads with 1/8" and 5/32" diameter iron powder electrodes 

(g) Joining beads of straight and reverse polarity electrodeo 

(h) The use of machinists haraner, centre punch, scribers, dividers and 
square 

(i) Have students lay out straight lines and circles on mild steel plate 
with the use of soapstone 

2. Chitting Exercises 

Note: If it is necessary for the students to cut their plates for their 

practice exercises by means of the hand cutting torch, all safety 
precautions should be reviewed. 



Grade 10 



1. A review of safety precautions and basic fundamentals of the Grade 9 
pro grannie 

2. Technique for Joining Beads 

Starting position of the electrode,, change in angle and height of the 
electrode when Joining previous beads, defects caused by poor joining 
procedures 

3. Comparison Between Shielded and Unshielded _£l_ect rode s 

Characteristics of bare, thinly and heavily coated electrodes (standard 
types); iron powder electrodes; A.W.S* classification system;*method of 
selecting proper electrodes 

4. Elementary RtP&nsion and Contractio n 

Comnon effects of weld contraction; methods used to counteract distortion; 
applications of pie-heating, post-heating and stress relieving 



5. Fillet Welding 



Definition of a fillet weld, parts of a fillet weld, convex and concave 
welds, defects in the welds; method of determining the siie of a fillet 
weld by the use of a gauge 



6. Identification of Ferrous and Non-Ferrous _Heta ls 




Spark test for low carbon steel, high carbon steel and cast iron; fracture 
test, grain atructu re; colour test; chip test, characteristics of the chips; 
colour tsst of copper, bronae and braes 
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7 • Basic Join t Design for Arc '/fold in g 

Types of butt, lap, comer, edge and tee joints; application of welded joints; 
use of fillet welds 

8 • t r ?in£ Qxy-Acetylene Cutting Equipment in Arc Welding 

(a) Use of the cutting torch for beveling edges 

(b) Piercing holes and circle cutting 

(c) Layout of shapes using templets 
9. Machine Gas Cutting 

Note: Refer to item 3 Qxy-Acetylene Welding course, Grade 10 of the Four- 

f Year Programme 

10, Manufacture of Iron and Steel 

Note: Refer to item 6 Qxy-Acetylene Welding course, Grade 10 of the Four- 

Year Programme 

11* Arc Welding Machines 

Direct current welding generators; A.C* welding transform 0 '' • ^mbination 
A.C. — D. C. transformer - rectifier units; methods of adj welding 

machines 

12. Cutting Metals with the Electric Arc 

Carbon arc cutting; use of metallic electrodes for cutting: piercing holes; 
cutting cast iron with the electric arc 

13* Cast Iron 

Types of cast iron; techniques when arc welding cast iron; elc roles for 
cast iron arc welding 

14 • Horizontal, Vertical, Up and D)wn and Overhead Arc Weldir 

Preparation and positioning of plates; irunipulation of el ' r i; location 
of the beads 



PRACTICAL WORK 



1 , Welding Operations 

(a) Preparing arrl welding an edge joint on mild steel plate with 1/6" 
standard electrodes 



(b) Preparing and voiding a ]np Joint and a flush tee Jo nt on the same 
size of plate as in (a) above using 5/3? * diameter E6014 electrodes 



O 



(c) 




Making a two and & three pass fillet tee weld on plate using 5/32" 
electrodes 

Join a circular pipe to a flat plate with 5/32" £6014 electrodes 
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(e) Pad a plate running at least two layers of weld metal using standard 
electrodes 

(f) Fuild up a worn shaft by applying padding procedures 

(g) Practice good tacking and intermittent welds on tee joints 

(h) Preparing and welding a square butt joint on 3/8 M mild steel plate 
using a backing strip and 5/32 ri reverse polarity electrodes 

(i) Preparing and welding a single V butt joint with and then without a 
backing strip. Same size plate and electrodes as in (h) above 

(j) Running dovnhand vertical beads using 11 gauge mild steel and l/8 M 
electrodes 

(k) Running parallel beads on nild steel plate in the horizontal position 
using l/8 n electrodes 

(l) Preparing and welding a lap, tee and a butt joint in the horizontal 
position 

(id) Running beads in the vertical up and down positions 

(n) Cutting cast iron by means of the electric arc 

(o) Welding cast iron using ferrous and non-ferrous electrodes 

(p) Select so»ae type of project that Ir.s to be assembled and welded by 
electric arc welding 
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WELDING - OXY-ACETYLENE 



Two-Year Programme Grades 9 and 10 



Grade 9 



SAFETY: The oxygen and acetylene gases used in this type of Welding nay be 

supplied by a manifold or cylinder systenn The student should be 
made familiar with shop routine and safe operation of each type of 
equipment , 

1 # The Development of Qxv- Acetylene Welding 

Definition and history of oxy-acetylene welding; the introduction of the 

first acetylene welding torch; the importance of oxygen and acetylene gas 

in the flame; properties and methods of manufacturing oxygen and acetylene; 

the proper ratio of oxygen and acetylene to produce good combustion 

2, Equipment 

(a) Introduction of the pupil to oxy-acetylene equipment in the school shop 

(b) Discussion of colour standards, fittings and threads, safety rules per- 
taining to toe handling of gas equipment, eye protection, protective 
clothing, tOvls 

(c) Cylinders: construction of comnerrial cylinders, moderr use of liquid 

oxygen; safety features and methods of testing for leaks in oxygen and 
acetylene cylinders, hose and torch connections 

(d) Pressure regulators: types, function (tracing path of gases from 

cylinders through the regulators to lines); the function of the dia- 
phragm, adjusting screw, tension spring, pressure gauge; causes of a 
creeping regulator; safety devices- colour, nuts, threads; rules for 
avoiding damage to regulator 

(e) Welding torches: types, function, mixing head and Interchangeable tip 

system, care of torch and tips, safety in handling torches 



3# Trues of Welding Flames 

(a) Carburizing, neutral - oxidizing; temperatures and their effect on 
metal 



(b) Flashback and backfire: comparison of flashback on d backfire; causes 

and remedy; safety rules 

Basic Joints 

Types, proper alignment, method of tacking, selection of tip for type of 
Joint being welded, shop methods of testing Joints, the cause of common 
welding defects such as undercut, adhesion, poor penetration, lack of fusion, 
porosity 



5* Filler Rods 




Selection of types and sizes for mild steel only 
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6. Introduction to Qxy-Acetylene Cutting Process 

Elementary explanation of oxy-acetylene cutting; brief description of the 
cutting torch; method used for cutting a straight line on mild steel plate 
using the freehand technique 

PRACTICAL WORK 

1 • V/e lding Operations 

.a) Use of proper wrenches on welding fittings 

(b) Assembling oxy-acetylene equipment; hose-line3, regulator, torch 

(c) Opening up and closing down oxy-acetylene equipment 

(d) Lighting the torch; producing the three types of flames and observing 
their effect on mild steel plate 

(e) The use of machinist’s hammer, centre punch, scribers, dividers, square 
if) Method of laying out straight lines using soapstone 

(g) Running lines of fusion on mild steel plate without filler rod and with 
filler rod 

(h) Running weave motions on mild steel plate with filler rod 

(i) :Yeparing and welding a comer joint without and then with filler rod 

(j) Preparing and welding a plain open butt joint using 3/32” diameter 
filler rod 

(k) Preparing and welding an open corner joint on 11 ga* sheet steel plate 
2 . Practical Cutting Operations 

Hand cutting straight lines on i" steel plate; use of soapstone, ruler and 
centre punch to obtain more accurate cuts 



Grade 10 



SAFETY : Review the safety precautions previously outlined, 

1, A review of the essential topics and practical exercises of the Grade 9 
courso 



Z , Oxy- Acetylene Cutting 




^hecry of cutting; the oxy-acetylene cutting blow-torch, interr il structure 
and function of the parts; selection of cutting tip sites And gas pressures, 
cutting attachment for combination cutting and welding torch; using U i 
rAlius bar for hand cutting; piercing holes and circle cutting; =>vraight line 
unci Level cutting; comnon cutting faults 
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3. Machine Gas Cutting 

Structure and function of a cutting machine; use of a chart to select cutting 
tips and gas pressures; procedures when level cutting and radius cutting with 
portable cutting machine 

4. Steel 

Production of ?t*el; low carbon, medium carbon and high carbon steels; alio/ 
steel; stainless steels; effects of carbon when welding steel 

Sheet Metal Welding 

Sheet metal gauge. United States Standard; tack welding, size, spacing and 
strength of tack velds 

6 , Fusion yielding of Heavy Gauge Steel Plate 

Preparation of edges when welding heavy steel plate; forehand and backhand 
method of welding; wash welds 

7* Expansion and Contraction 

Effects of expansion and contraction in welded joints; controlling the effects 
of expansion and contraction; pre-heating and post-heating when making welded 
joints; linear expansion per foot of common metals 

8« Fusion Voiding of Cast Iron 

Production of cast iron; types of cast iron; malleable castings; preparation 
of cast iron for oxy-acetylene welding; pre-hoating and post-heating; welding 
techniques; use of flux; cast iron welding rods, composition and sizes 

9. Bronze Welding or Brazing 

Theory of bronze welding - development from Speltzer brazing; applications 
of bronze welding; technique of bronze welding, necessity for proper clean- 
ing, proper heating, good tinning and tha use of flux when bronze welding; 
bronze welding rods and their uses, melting points and sizes; brazing steel; 
brazing cast iron; galvanized iron - effect of galvanized coatings, prepar- 
ing galvanized parts for brazing; building up missing parts with bronze,, use 
of carbon rods or blocks and carbon paste 

10. Silver Brazin g 

Application of silver brazing; silver brazing rrateriala; colour, melting 
points and uses; preparation of parts for silver brazing; use of flux when 
silver brazing; techniques for making silver brazed joints; use of air - 
acetylene torches and propane gas blow-torches 

II* General Application of Oxy-Acetylene Welding (Optional) 

Machine, autonvotive (body and fender) and farm equipment repairs 

Njte: The instructor may select from Section 11, activities related to the 

local conainity, For example, in a faming area, the applications 
might apply to farm machinery. 
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PRACTICAL WORK 



1, Welding Operations 

(a) Preparing and welding a butt joint on 11 ga. sheet iron with 1/8" 
filler rod 

(b) Preparing and welding a lap joint and a tee joint on 11 ga. sheet iron 
using 3/32" diameter mild steel filler rod 

(c) Preparing ard welding single Zee butt joint on £ r plate using forehand 
technique - flat position. Repeat using backhand technique 

(d) Vertical welding butt, corner and Tee joints on 11 ga. sheet iron with 
1/8" filler rod 

(e) Brazing; making a butt and lap joint in the flat position using l/l6 ,r 
material; welding a butt joint in the flat and vertical position on 1/8“ 
steel plate; making a lap joint in the vertical position using 1/8 M stee 
plate; welding a butt joint in the horizontal position using 1/8" steel 
plate; bronze welding of cast iron using l/8" filler rod 

2, Cutting 

Making straight line cut~ and bevel cuts using a guide bar; straight line 

and bevel cutting using gas cutting machine; cutting circles to a given 

diameter 

3, Optional 

(a) Brazing stainless steel - butt, lap and coiner joints 

(b) Welding stainless steel - butt, lap and corner joints 

(c) Developing projects for welded fabrication 
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MATHEMATICS 
Pour-Year F'rogramme 

Die Science , Technology, and Trades Branch 



General Ooservations 

1. Suggested outlines of the work to be followed in the various grades are 
provided below, but these may be changed or supplemented where necessary 
to meet local requirements. 

2. The courses are based on five periods of forty minutes duration per week* 

To permit seme selection, more topics have been included than can normally 
be covered in this time. 

3* It is expected that the items designated in the courses as "optional" will 
be included in the work taken with a tx>vo -average classes, or in the assign- 
ments given to the better students within a class group of varying ability* 

/f • In planning the courses for Grades 11 and 12, consideration has been given 
to the fact that most of the pupils from the Technical Course go directly 
to industry. However, some pupils do proceed with advanced technological 
training and therefore some consideration has been given to the needs of 
these pupils. In most cases, the practical applications of theoretical 
topics have been shown, although it is believed that some mathematics may 
be taught for' the development of mathematical skill alone. Some topics 
should provide for necessary drill while others are included to supply 
practice in methodical arrangement of work which will lead to logical 
reasoning. 



Aims of the Courses 

1, To give a good basic training to those pupils who leave school at the end 
of Grade 10 or Grade 12 respectively as well as those who will continue 
their formal education, 

2, To stress the fundament *]s vf Vat l.cratics so th ^t the student will be 
able to onjvy nor, ai ■ua*h'\\aticfil problems arising in the shops or in a 
practical ; ei i miL, 

3, To noli vale the i.t jdont by correlating the content of the course with 

rotate! sut ;<:.:*■» vl and also by correlating related phases of 

Ka t hematics. 

A, To t i vide trailing in ? Li z*> ( . d:i; , ~>nc of the important- phases of educa- 
tion, by -U*. closing hMits of hhourht such as sound reasoning, clear 
♦^inkinr, u i uf h; e;.t , [ewer > of concentration, and by developing 
w rk habits as :^ 4 tnos3, acciinc, , initiative, \ er3everence, self- 

re i 3an:r . 
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Grade 10 



1, Mensuration and Arithmetic 



The necessity for repeated drills in fundamental operations, if those 
skills are to be maintained and improved, is recognizec'i, It is felt that 
mental or mechanical drill in Arithmetic might be taken in some periods. 

As far as possible, topics should be reviewed or taught through shop 
problems. The pupils should receive much drill in the use of the decimal 
equivalent tables. 

Arithmetic 

Addition, subtraction, multiplication, and division of fractions through 
shop problems; practice in such operations as 42 =• 2 - 1_ and similar 
examples; nearest ruler fraction 64 4 64 

Addition, subtraction, multi plica tion, and division of decimals; conver- 
sion of decimals to fractions and fractions to decimals; use of the table 
of decimal equivalent! particularly with reference to the 64th scale; 
significant digits and the correct rounding off of decimals 

Use of the micrometer; mathematics of the scale, reading the scale, making 
of settings 

Use of the Vernier: 1000th 3cale 

Per cent and per cent error 
Circular mil calculations 
Measurement of Length 

Calculation of perimeters of: square (4s ) | rectangle 2(1 + w); triangle 

(a + b + c) circle (jTd or 2*r); the value fonr to be In accordance with 
the degree of accuracy required; cutting and surface speeds, feed of 
lathe and drills 

Measurement of Area 

Formulae to be developed or illustrated where possible. Efforts should be 
made to use practical shop problems in this work. 

Area of the square (s 2 ); formal method of square root in finding the side 
of a square from the area; the right-angled triangle and the relationship 
between the sides, Area of a rectangle (iw) extended to areas of / rious 
rectangular surfaces, use of square root in finding the length of uiagonals 
area of the parallelogram and the rhombus; area of the triangle; areas of 
triangular surfaces such as floors, fields, lots; use of the formulae: 

A = ibh 

A - V» T* - a) (» - t>) (s - o)j 

Atm of th. equilateral triangle, A = .4 33* 2 ; 
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Applications to the altitude of sharp V thread and the hexagon; area of 
the trapezium; areas of figures combining areas of a triangle and a 
rectangle or a triangle and a trapezium such as gables, templates; area 
of a circle, A or . 7654 d 2 ( extended to capacity of pipes; pressure 

in cylinders; use of the formula q 2 — t D? to find the diameter of 

a pipe equal in capacity to several pipes; areas of combined figures 

Optional Topics 

Area of the surface of rect?ingular objects; lateral area - ph; area of 
walls, lateral area of buildings 

Area of the surface of a cylinder (ch); f ind: ng the number of square 
feet of metal in cylindrical tanks, pipes, and cans 

Volume 

The table of cubic measure (conmon units) 

The volume of rectangular and triangular forms and structures with uniform 
cross-section throughout; such as, tanks, reservoirs, and excavations 

The volume of cylinders frr 2 h or .7 654 E^h) ; finding capacity of cylindrical 
tanks 



Board measure; meaning of, urdtr of measurements, calculations 



2. Geometry 

^oints and Lines: roviev Grade 9 work; practice in measuring, estimating, 

and constructing lines using Knglish and metric units 

Angles: review Grade 9 work; practice in measuring, estimating, constructing 

angles; relationships between units; changing 3*5° to 3°3D 1 , etc, 

lypes of angles: acute, right, obtuse, straight, reflex, complementary, 

supplementary 

Uses in some of the following: latitude, longitude, standard time, rotation, 

direction, mariner’s compass, (32 points), bearings, surveyor's measure, gear 
teeth, taper, motor-timing, and threads 

Experimental determination of the relationships between vertically opposite 
angles, the sum of the angles in a triangle, exterior and interior, non- 
adjacent angles 

Numerical applications 

Triangles: construction and comparison of triangles to show congruency in 

the four cases — three sides, two sides and contained angle, two angles and 
corresponding side, hypoteni.ss and one aide; classification according to 
sides and angles; special study of the properties of isosceles and equilat- 
eral triangles; study of two isosceles triangles on opposite sides of a 
common base to lead up to accurate construction 




Accurate Constructions; review and extension of the work of Crade 9 
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The following :ou3tructions: Bisecting a given line; constructing right 

bisector; illustration by measurement — line joining mid-points of sides 
of a triangle - ^ base; right bisector of a straight line is the locus 
of centres of circles passing through the ends of the straight line; 
family of circles through t-vo given points; circumcenfcre and circumcircle 
5.n acute, obtuse, and right-angled triangles; medians; centroid divides 
median in ratio of 1:2; illustration of centre of gravity by cut-out 
triangle in cardboard, sheet metal, or plastic 

Bisecting a given angle: constructing bisectors of several angles of 

increasing size to develop method of drawing a perpendicular from a point 
inside a line; constructing special angles by bisections from 90 ° and 60°; 
bisecting the three angles of a triangle to show that the bisectors are 
concurrent 

Constructing a perpendicular from a point outside a line: distance from 

a point to a line; altitude of a triangle; the orthocentre; any point of 
the bisector of an angle is equidistant from the arms of the angle; con- 
structing a family of circles to touch the arms of an angle; inscribing 
circles in all types of triangles; escribed circles 

Constructing an angle equal to a given angle using ruler and compasses 
only; constructing equiangular triangles and quadrilateral? 

Parallel lines: the relationships of angles formed by a transversal; 

parallelograms and related facts by measurement; rhombus — diagonals bisect 
each other at right angles; dividing a line into equal parts and in given 
ratio 

Regular polygons: construction of equilateral triangle, square, hexagon 

(circle method), octagon by angle at centre of circle and from a square 
(half diagonal method), any polygon by use of angle at centre; sum of 
angles of polygon; the angles of a regular polygon 

Circle: locating centre of circle by bisecting chords; equal chords; 

angle in segment and in semi-circle; tangent properties; belts and pulleys 

The right-angled triangle: the Pythagorean law by measurement of squares; 

calculation of sides of right-angled triangles; whether given sides form 
a right-angled triangle 

Ratio and iroportlon 

A study of simple ratios between measures, such as weights, volumes, 
distances, etc ( 

:cale drawing: similar triangles; ratios of corresponding sides; numerical 

; ret’ ** it 3 ; discovery, by measurement and calculation, that the ratio of 
;a:rs of sides in right-angled triangles is constant for a given angle 

Al/e tra 

Review of sigetraic notation and of the foui fundamental operations 
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Review of solutions of equations of the first degree in one unknown. 
Examples with integral, fractional, and decimal coefficients; graded 
problems requiring the solution of these equations 

Review and extension of factoring to include the following types: 
polynomials in which a common factor is obtained by inspection or by 
grouping of terns; trinomial with binomial factors; perfect square; 
difference of squares; polynomials which reduce to the difference of 
squares on completing a square 

Algebra applied to formulae from the shops: tapers; threads; pulleys 

and simple gear trains; gear calculations (using given formulae); 
resistances in series and parallel 

5. Trigonometry (optional ) 

An introduction 



Grade 11 

1 . Index Laws 

Extension to include fractional, zero and negative indices; use of standard 
form to express very large or very small numbers to required degree of 
approximation; operations with standard numbers 

2. logarithms 

Definition of a logarithm; use of logarithmic tables; use of logarithms 
for multiplication, division, powers, and roots; problems, mensuration, 
formulae, etc.; use of logarithmic calculation to facilitate solving 
these problems 

3 . Slide Rule 

(a) Simple operations of multiplication, division, powers, roots 

(b) Combined operations: use of slide rule for computations involved 

in solutions of problems of mensuration, ratio, proportion, etc, 

4 . Kensuration 

Development and algebraic manipulation of formulae along with the practical 
use of formulae. Facility in the use of the slide rule can be developed 
by using it tc check answers in this section 

A , Surface Measurement 

Review perimeters and areas of rectilinear, triangular and circular figures 
through practical problems and the manipulation of formulae; review the 
right triangle 

Areas: tne circular sector; the circular ring; the eegment of & circle; 

the curved surface of a cylinder 

o 
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Lateral and total surface area of a cono; lateral area of a frustun of 
a cone; the surface area of a sphere; perimeter ard area of an ellipse; 
areas of regular polygons, finding the side of a regular polygon; 
lateral surface area of a pyramid and the frustum of a pyramid 

B. Measurement of Volume 

Review of underlying principles and calculation of volume of prisms and 
cylinders 

Solution of practical problems based on prisms such as tanks, cylinders, 
castings, foundation walls, etc#; use of tables of density to determine 
weights; expressing volumes in various units of capacity; volume of 
cones, spheres, pyramids, castings; the solving of formulae for any one 
measurement; content of a partly- filler! tank; volume of a frustum of a 
cone; problems on areas and volumes 

5# Trigonometry 

Introduction: practical use in mathematics of navigation, surveying, 

machine design, and other fields 

The Right-Angled Triangle 

The functions of the angles: sine, cosine, tangent; practice in writing 

the ratios for right-angled triangles of given dimensions; construction 
of right triangles to determine ratios for given angles and to determine 
angles having a given ratio; use of simplified tables; use of the unit 
circle to show variation in values from 0° to 90° for the different 
functions; simple problems involving the calculation of unknown distances 
or angles 

6# Algebra 

A. Review 

Fundamental operations including the laws of signs and exponents; simple 
equations with decimals and fractions involving transposition, cross 
multiplication and clearing of decimals and fractions; applications to 
lythagorean theorem and practical problems 

B. Simultaneous Linear Equations 

Graphical solution; elimination by substitution; elimination by addition 
or subtraction; applications to practical problems with two unknowns 

C. Multiplication aid Factoring 

Multiplication and squaring of binomials extended to include trinomials; 
type products; factoring; (coition factor) grouping, a perfect square, the 
difference of two squares, trinomials, incomplete squares, factor theorem, 
sum and difference of cubes 

D# Ratio and Proportion 

Direct and joint variation 

O 
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7, Synthetic Geometry (optional) 

Note: Some work on formal proofs might be done at this stage 

A, The Circle 

Definition and meaning of the terms related to the circle: sector, 

segment, arc, semi-circle, tangent, secant, concentric circle, the locus 

To draw a circle through three points; to find the centre of a circle, 
given an arc; to circumscribe a circle about a triangle, and vice versa; 
to inscribe a circle in a triangle, and vice versa; to compare angles 
in a circle; to inscribe a circle inside or outside of a regular polygon; 
to draw a direct cornmon tangent, and a transverse common tangent to two 
given circles; to draw circles tangent to lines and circles 

The application of the above to practical problems 

B, Areas of Similar Figures 

To construct: a parallelogram equal in area to a triangle; a triangle 
equal in area to a trapezium, pentagon, etc.; a square equal in area to 
the eum of three squares; to divide geometric figures into any number 
of equal parts 

The application of the above in designs of mosaics, crests, posters, etc. 



Grade 12 

The selection and the order of the topics should be chosen to suit 
the local requirements. 

1. Algebra 

A, Review of Grade 11 Algebra; operations with fractions; fractional equations 
E, Simple Surds 

Mixed and entire; addition of like surds; multiplication and division; 
tables of approximate values; rationalizing the denominator 

C. Quadratic Equations 

Solving by: graphic method; factoring method; completing the square; 

quadratic formula; theory of quadratics 

Applications to Fythagora&n theorem and problems relating to machine shop 
and tool and die design, involving the right triangle 

D. (i^dratic Equations in two unknowns; surd equations 

E. Series 

Arithmetic and geometric series (optional) 
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2 # Tr igonometry 

A. The Right-Angled Triangle 

Review simple trigonometry (Grade 11) 

Reciprocal ratios: cotangent: secant and cosecant; use of tables; ratios 

of common angles e.g. 30°, 45 , and 60°, complementary ratios; limit ratios; 
simple basic formulae: e.g. tan x° ~ sin x ° 

cos x° 

General review: practical problems involving the right trianglo pertaining 

to gauges; V-blocks, dovetail sections; die sections and die punches, etc. 

B. Angles greater than a right angle 
Quadrants and co-ordinates 

Definitions; changes in the signs of the functions for the quadrants; simple 
rules for finding the ratios of angles betwen 90° and 3^0°; dravnng the 
graphs of sin x° and cos x° for values of x° from 0° to 360°; alternating 
currents; finding an angle when a function is given; graphs of curves of 
trigonometric functions 

C. Logarithms 

Logarithms of trigonometric functions; use of log tables in trigonometric 
calculations 

D. The Oblique Triangle 

The law of sines, the caset>, solution of the oblique triangle; the law of 
cosines, the cases, solution of the oblique triangle; cotangent formula for 
heights; applications to problems on distances, navigation, framework, 
surveying 

E. Areas 

Triangles, two sides and included angle, one side and two angles, three 
sides; parallelogram, two sides and included angle 

F. Half-Angle Formulae and Tangents 

Radii of inscribed and circumscribed circle, half-angle formulae, law of 
tangents; solution of triangles and practical problems 

3. Business Mathematics (optional) 

Some of the practical applications of per cents, income tax, profit and loss, 
trade discount, simple interest, instalment buying, property Insurance and 
taxes 

4. Statics 

A. Force, moments, centre of gravity, friction 

0 
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Vectors, gravity, Newton's law of gravitation, weight; the lever, resultant 
of two parallel forces; calculation of centre of gravity of various solids; 
laws of friction, coefficients of starting and sliding friction, advantages 
and disadvantages; normal reaction and total reaction of surfaces 

B, Machines 

Velocity ratio, and mechanical advantage, the six mechanical powers, levers 
of three classes, the pulley, tnr inclined plane, the screw, the wheel and 
axle, the wedge, and trains of gears 

C. Conditions of equilibrium of forces (coplanar) 

Action and reaction, Newton's third law, reduction of "N" coplanar forces 
to a simple set, equilibrium of three coplanar forces 

5 , Specialized Mathematics 

When conditions permit their introduction, specialized courses- in mathematics 
related to Electricity, Machine Shop, Woodworking and Industrial Science can 
be stimulating to the students of these options. 

6. Theoretical Geometry (optional) 

A knowledge of geometric methods and logical reasoning as applied to this 
subject with some practice in the solution of deductions 

The following propositions are suggested: 

Book I — Propositions 1, 2, 3, 4, 11, 16, 17, 19, and 20 
Book II — Propositions 1, 2, 3, 4, 6, and 14 
Book III — Propositions 8, 9, 11, and 15 

as four*! in A Modern Geometry for High Schools (Macmillan) 
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Four-Year Programme 

The Science, Technology , and Trades Branch 



Objectives 

( 2 ) To arouse curiosity regarding natural objects and phenomena, in order 
to develop an understanding of the elementary facts of nature 

(b) To teach pupils to observe accurately, to draw logical conclusions from 
their observations, and to state them clearly and concisely 

(c) To develop the ability of the pupil to organize and correlate facts 

(d) To interpret correctly the printed page 

(e) To develop a better understanding of the fundamental principles of science 
as applied to materials, machines, and processes with which pupils come in 
contact 

To realize these objectives laboratory instruction should be organized 
to permit pupils to work individually or in small groups* The number of pupils 
working together will depend, to some extent, on the size of the class, on the 
equipment available and on the topics studied* For certain topics, where the 
order in which the experiments are taken is not fixed, the experiments may be 
carried on simultaneously* 

Teachers ma> find it necessary to set up certain pieces of apparatus 
as permanent equipment to be in readiness for frequent use* Whenever possible, 
other equipment used should be assembled by the pupils. 

Some teachers may wish to make greater use of the "unit", or "topical", 
plan. Such a plan of study follows the growing interests of the pupils and, 
where the organization of the instruction permits, teachers should not hestitate 
to rearrange the content of tho courses to suit this unit plan. 

In employing the unit plan the teacher will organise the greater part 
of the course of study under a number of units, projects, or problems, which 
will req lire for their solution investigation, experimentation, close obser- 
vation, and reporting by the students working in groups* Usually groups are 
working on different projects (or for variation of the plan, on separated 
aspects of the same general project) at any one time since groups will vary 
in their rates of working and since the amount of equipment available may be 
somewhat limited. 

The course of study may not be fully covered merely by the completion 
of a required number of units* The scientific method will have been set up, 
however, and the interest of the students so aroused as to permit effective 
use by the teacher of leseon presentations of the well-known formal type, 
together with pupil centred discussions and reviews* Units chosen to imple- 
ment thie plan should take in to account the age grade of the pupils* equip- 
ment available, eiae of class, and other pertinent factors. Units might be 
O jilt around suoh topics as, Keating CXir Homes, Water Systems for Our Homes, 

ERXO st 4nd Con* 0 ®* 00 ' 
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The unit plan, cf course, cannot be operated successfully without 
complete advance planning and preparation by the teacher. There must be 
available to the pupils sufficient instruction aids, and illustrative and 
resource materials organized in an orderly environment, to enable them to 
profit from this plan. 

The time alloted to the s'udy of General Science in the Science, 
Technology jand Trades Branch may not be sufficient to complete all the topics 
outlined. Teachers should select from thsse courses the content best suited 
to the raeds of the pupils. Approved methods of teaching should not be 
sacrificed to cover every detail of the course. Where classes are large, 
they should be divided for at least one double period per week to permit the 
pupils to do experimental work. 

Suitable text-books, as well as books of reference, should be pro- 
vided in laboratories and in classrooms where science is studied. Illustrative 
material, such as pamphlets, charts, process diagrams, and sample products 
should also be procured and filed for ready reference. Pupils should be 
encouraged to use these books and materials to secure additional information 
on the topics studied, and to understand the practical application of scientific 
principles and to realize their value. 

Note: Each school has the privilege of changing the order of presentation of 

the topics to suit its convenience. 



Grade 9 

The course of study for Grade 9 is that outlined in Curriculum I,l(e) 
Science Intermediate Division. Where a local curriculum committee has modified 
this course to suit the needs of the community, the modified course may be 
followed. 



Grade 10 

Note: Sir. some of the topics of this course have been introduced in the 

earlier grades, some review or teaching of these topics may be 
necessary. 

The principles involved in this course should be developed through 
experiments, and these, as far as possible, should be performed by the pupils. 
In each case, practical applications should bp considered and discussed 'n 
their relation to industry, and suitable problems should be used extensively. 

The teacher should observe extreme caution when dangerous chemicals 
and highly volatile liquids are used, 

1, Heat 



O 
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The calorie: measuring calories; heat lost or gained; the large calorie; 

the energy value in foods; the British Thermal Unit; the use of the B.T.U, 

Gpecific heat; comparison of some specific heats; the use of water as 
related to its high specific heat 
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Heat transfer: conduction; convection currents; transfer of radiant 

energy 

2. Change of State 

Review fusion and solidification; change of volume, latent heat of fusion; 
latent heat of vaporization; conversion of water to steam; expansion of 
water when frozen 

3. Force, Energy and Power 

Types of force: tension; compression; shear, reacMng forces; measure- 

ment of force; Hooked law 

Pressure: Pascals law 

Molecular force: surface tension; adhesion; cohesion; capillary action 

Force and motion: Newton^ first law; Newton^ third law 

Energy: potential and kinetic; conversion of chemical energy into heat; 

conversion of one form of energy into another 

Power: the units of work; the lever as a machine; relation between effort 

and load; the meaning of power; the watt; the horsepower 

4 . Com bustion and Slow Oxidation 

The rusting of iron filings or steel wool; slow oxidation of linseed oil; 
spontaneous combustion 

The composition of air; liquid air as a source of conmercial oxygen, 
nitrogen and neon; the gases, argon, neon, krypton, xenon, radon; the 
commercial uses of these gases 

Oxygen: physical properties; the combustion of charcoal, sulphur, magnesium 

and iron in air, and in oxygen; the physical and chemical properties of the 
products 

Hydrogen: preparation and properties; the presence of hydrogen in fuels 

Carbon dioxide: properties and uses; properties of carbon monoxide; the 

production of carbon monoxide in combustion of fuels; carbon monoxide 
poisoning 

Combustion of candle wax, alcohol, and coal to discover the products of 
combustion; complete and incr plete combustion; the explosive nature of 
fumes and dust 

Corrosion: atmospheric oxidation of metals; methods used to comlat 

corrosion; protection from corrosicn such as surface coating, galvanizing, 
and plating; preparation of metals for soldering and welding; fluxes 

Optional Topics 

O 

Word equations and symbol equations for some of the changes discussed. The 
meaning of element and compound 
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5* Fire Fighting 

Starting fires: kindling temperature: the high and low kindling temper- 

atures of fuels 

rutting out fires: the reduction of temperature below the kindling 

temperature; the need of oxygen for combustion; the use of smothering 
gases; methods of putting out gasoline and other liquid fires; fire 
extinguishers 

Methods of fireproofing paper, cloth, and wood 

6, Solutions 

Review the use of water as a solvent 

The composition and characteristics of anti-freeze solutions, and of 
storage battery electrolyte; experiments, (i) to determine the density 
of these solutions by means of an hydrometer, and (ii) to show the 
capacity of an electrolyte to conduct a current of electricity; applica- 
tion of the information obtained from the density readings; a brief 
discussion of the industrial use, as solvents, of water, alcohol, acetone, 
and lacquer solvents 

7. Lubrication and Lubricants 

Friction: how it is produced; the effect of friction; the need for and 

action of lubricants; types of lubricants; viscosity and S.A.E, ratings; 
the effect of temperature changes on viscosity; flash point 

The deterioration of a lubricant by dilution, dust, and sludge formation; 
the effect of the oil filter 

A comparison of suspensions and solutions 

8. Metals and Alloys 

The composition, characteristics and use of cast iron, wrought iron, 
carbon steel, plumber's fine solder, wiping solder, brating solder, low 
melting point alloys, metals for bearings, and stainless steel 

The production of a simple alloy, euch as solder. Comparison of the 
melting point of the alloy with those of the metals used 

9, The Composition and Classification of Foods (optional) 

Water in Foods: experiments to show that foods contain water, and how the 

percentage of water may be determined in such foods as fresh vegetables, 
fresh fruits, cereals, butter 

Carbohydrates! an experiment to detect the presence of starch in flour, 
potatoes, etc, An experiment to contrast sugar with starch in respect to 
solubility and taste. An experiment to show the presence in starch of (i) 
carbon, (ii) hydrogen and oxygen (as shown by the condensation of water), 
An experiment to show the conversion of starch to sugar (i) by the action 
of saliva, or (ii) by boiling with dilute hydrochloric aoid, (Note change 
in appearance, action on hot Fehllng's solution or Bendiot'a solution) 
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Fats: experiments to show that fats (i) are insoluble in water, (ii) 

are soluble in carbon tetrachloride, (iii) produce a persistent greasy 
translucent spot on paper. An experiment to detect the presence of 
fat in butter, nuts, cheese, whole milk, etc. 

Proteins: the composition and occurance; experiments to show (i) that 

proteins are characterized by a disagreeable odour when being charred, 

(ii) the spot test with nitric acid and ammonium hydroxide 

Mineral Salts: an experiment to show the presence of a3h or mineral 

matter in such foods as rolled oats and potatoes, by gently burning 
until combustion is complete 

The Combustion of Common Foods: a discussion of the role of carbohydrates, 

proteins, fats, mineral salts, and water in the diet, and the relative 
proportions of the food constituents listed above in such comnor foods as 
flour, rice, beans, honey, butter, lard, salad oil, peanut butter, meat, 
eggs, fish, cheese, Pbcperiments to show that mill contains (i) water, (ii) 
sugar, (iii) fat, (iv) casein arri albumen, (v) mineral matter; the value 
of milk as a food 

A brief discussion of the Carbon Cycle: recall photosynthesis, stressing 

the absorption of energy in a reaction which is the reverse of the oxida- 
tion of carbon-containing substances 

10, Elementary Mineralogy (optional) 

Physical Mineralogy 

Physical properties of minerals (omit hardness) 

Scale of hardness as used in the identification of minerals 

Identification of quartz — massive, jasper, flint; identification of 
feldspars; comparison of orthoclase and plagioclase feldspars. 

Native minerals — identification of gold, silver, copper, sulphur, graphite, 
coal 

Sulphides and arsenides— identification of iron pyrites, copper pyrites, 
galena, molybdenite, smaltite, zincblende 

Chlorides, fluorides, ani carbonates — identification of halite, fluorite, 
calcite, dolomite, magnesite, malachite, azurite 

Silicates — identification of hornblends, augite, garnet, olivene, ej-idote, 
tourmaline, mica, chlorite, serpentine, kaolin 

Ihosphates and sulphates— ajatite, barite, celestite, gypsum, wolframite, 
scheelite 



Rocks : 

ConsDOn rock -forming minerals 



Definition of a rock; classification of rocks 



263 



- 264 - 



Igneous rocks — formation; identification of granite, syenite, diorite, 
gabbro, diabase basalt, fine-grained, even-textured rocks such as felsite 
and basalt, very fine-grained glassy rocks such as porphyry 

Sedimentary rocks — formation; identification of conglomerate, breccia, 
sandstone, shale 

Metamorphic rocks — formation; identification of gneiss, schist, quartzite, 
slate 

Chemical Mineralogy: 

The use of the blow-pipe; reduction and oxidation of litharge in the blow- 
pipe flame 

Identification of arsenic, antimony, bismuth, copper, iron, lead, silver, 
and sulphur, by means of chemical tests 

11. Pot any - see Curriculum I 1(e), Grade 10 

A brief treatment of flowering plants: general structure; pollination; 

fertilization; seeds, fruits. A brief treatment of non-flowering plants: 
fungus plants; bacteria; viruses 



orades 11 and 12 

These Courses of Study are based upon the scientific requireme ts of 
the Shop Work Courses for Science, Technology and Trades Branch. 

While every effort should be made to have pupils follow an experimental 
course, or treat the topics as pupil-research topics, the presentation of many 
of the topics requires discussion by the class. The pupil should be encouraged, 
therefore, to acquire knowledge and understanding through his own individyal 
efforts, and to make use of suitable reference and illustrative materials, which 
should be available in a properly indexed form. 

The core topics are listed, and those parts indicated with an asterisk 
are suggested as enrichment topics, to be used as circumstances warrant. If 
time permits, it nay be desirable to include topics which apply to local 
industries. In the Chemistry course, some teachers may wish to stress such 
topics as agricultural chemistry, metals, polymers, and plastics. 

Note: These topics need not be taken in the same order as listed here. 



Grade 11 
Physics 



1 , Accurate Measurements 




Review of units of linear measure (Ehglish and Metric); practice in the 
use of the steel rule and calipers; construction and use of vernier calipers 
and micrometer; problems involving volume of regular solids using vernier 
calipers, tolerances, significant iigures; measurement of masses of the 
foregoing solids and determination of buoyancy 
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Fine measurement of volumes and masses may be best combined with experi- 
mental work on density and specific gravity. See topic 2 

2. Mechanics of Fluids 

Experiments to determine the density of liquids by using the specific 
gravity bottle and the hydrometer; the specific gravity of heavy solids; 
solids lighter than water; fluids by means of the hydrometer. A dis- 
cussion of the various scales in use 

Problems on density and specific gravity 

3 . Machines 

Review of Grade 10 work. An experimental study of the three classes of 
levers to determine the mechanical advantage of tich. The 'classification 
and use of such levers as are found in the shops 

A study of the class, mechanical advantage and application of the pulley, 
toothed gear, wheel end axle, inclined plane. Study and classification of 
the wedge, the screw, the differential pully and complex machine parts 

A study of the mechanical advantage anc efficiency of some simple u^chines 
which use these principles 

Rules for calculations and problems 

4 . Force 

Review the meaning and kinds of force 

The units for measuring force: pound, gram; the meaning of H.P.; a 

demonstration of B.H.P. 

Experiments to determine: the equilibrant and resultant of parallel 

forces; equilibrant and resultant of two forces acting at an aogle; 
verification of the law of the parallelogram of forces 

A discussion of the moment of force; the application of the moments of 
force to the lever and the wheel and axle 

Study of: friction coefficient of; laws of mot* on--helicopters, jets; 

projectiles; Bernoulli's principle-- speed indicators, pitot tube 

Mechanics of motion: impulse and momentum; acceleration due to gravity 

and in machines ’’g" factor 

5 . Electricity 

Review current electricity, and the meaning of work, energy and power with 
emphasis on gravitational potential energy 

A study of electromotive force and factors controlling electric current 
flow; magnetic effects of electric current; applications of electro- 
magnetism; D'Arsonval galvanometer; the ammeter and voltmeter 
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An experiment to determine the resistance of a conductor using the 
vol tmet er- ammeter method. Simple problems involving Ohm* * s Law 

Experiments to show induced currents--principle of the induction coil 

Simple experiments to illustrate the fundamental principles of the A.C. 
and D.C. transformer, motor and generator (structural details are not 
required) 

Heating and lighting effects of an electric current, fuses, and circuit 
breaker s 

Industrial uses of electric current: (l) welding, (2) electric furnace, 

(3) electric lamps (incandescent, mercury vapour, roldium vapour, neon, 
fluorescent) 

' * rmocouple to measure temperature, (A.C. and D.C. currents); induction; 
tansformer; radio-tube electronics; transistors; photo-electric cells 

6 . Light Energy 

A discussion of light as radiant energy--two concepts 

Experiments to show: the composite nature of white light; the colours of 

the solar spectrum; reflection from plane surfaces; images in plane mirrors, 
and curved mirrors; refraction of light; the uses of lenses 

Applications of curved rairrors--headlight , rear vision; lenses- -eye , camera, 
movies, stereo pictures, projection 

The physical nature of colour; Newton's experiment; the colour of objects 
in white light 

The structure of the human eye, and methods of correcting defects with 
glasses 

^Colour blindness; colour mixing; Kodachrome; 3D colour process; 3D movies 

7 . Lighting for Vision 



A study of the accepted standards of ilLumina t ior used in modern lighting 
for homo, school, factory, display, flood lighting; the law of inverse 
squares; the incandescent lamp measurements; the principle involved in and 
use of a light meter 



*The meaning of plane-polarized light. Simple experiments to show the 
nsiure and effects of polarized light, using a pair of polarized disks; 
the application of polaroid to automobile driving as glare prevention with 
sun glasses 



Review or study of heat units, and heat capacity. An experimental study 
of: specific heat of water; specific heat of metals; heat of fusion of 

heat of vaporization of water; heat of vaporization of other liquids; 
* e effect of increased and decreased pressure on the boiling point of 
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Review of hydrometry. The principle of air conditioning, particularly in 
respect of moisture content 

9, The Lead Storage Cell 

An experiment to show: electroplating with copper sulphate solution; the 

preparation of the electrolyte 

Review of the use of the hydrometer and discussion of the use of the density- 
concentration tables 

An experiment to "form" a storage cell, using lead plates, with a reference 
to the composition of the plates before and after forming. "Discharging" 
the cell and the alteration of potential as shown by the voltmeter; degree 
of discharge 

A discussion of the charging of the cell with special reference to the 
transformation of electrical energy to chemical potential energy; and the 
discharging of the cell in terms of the reverse transformation of energy 

The efficiency of the commercial storage battery; a comparison of the out- 
put of electrical energy with the input of electrical energy; reference to 
the dissipation of some energy in heating the cell and decomposing the 
electrolyte 

10. M etallurgy 

A discussion of the kinds and sources of iron ores, such as sulphides, oxides, 
carbonates. Separation from the rock, concentration and extraction. Flotation, 
roasting, and reduction 

The construction of the iron blast furnace, and reference to the heat exchange 
in a stove 

A demonstration of carbon monoxide as a reducing agent. Recall the dangerous 
properties of carbon moroxide 

An examination of the constituents of the blast furnace charge, and the 
purpose of each substance, in the operation of the blast furnace 

The construction and use of the iron cupola 

The composition and characteristics of cast iron, carbon steel and wrought 
iron 

A brief study of the manufacture of steel by (l) the acid Bessemer process, 

(2) the basic open-hearth process 

The heat treatment of steel; methods and purpose of annealing, hardening, 
tempering; surface hardening by (l) case hardening, (2) nitriding. This 
should be coordinated with projects in heat treatment in the machine shop 

The composition and characteristics of types of steelt tool, nickel, 

Q tungsten, manganese, stainless, silicon 
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11. Alloy Steels and Alloying Metals 
The meaning and purpose of alloys 

Review of properties of metals and chemical reactions serving us tests 
Some comnon alloys and their industrial applications 
The replacement series of metals 
A discussion on corrosion and its prevention 



1 . The Meaning and Purpose of Chemistry as Compared with Physics 

Review of the states of matter. The uue of the physical properties of 
a pure substance in its identification 

2 . Chemical Chan ge 

Kxoerlments to show chemical charge .in contrast with physical charge and 
methods for distinguishing between their. Heating mercuric oxide; electrolysis 
of water; light on silver halide, catalytic action of manganese dioxide. How 

new substances are formed, energy change 

3 . Mixtures 

The meaning of mixtures, and the difference between a mixturo and a pure 
substance 

Experiments on separating mixtures: magnetic; filtering; settling; starch 

filtering; flotation; solvent extraction; uistillation; freezing; crystal- 
lization 

A study of the application of these types of separation in industry 
k • Hjem e n t s and Coin j o 1 3 ; A a 

An experiment on the decomposition of a compound 
A comparison of mixtures and compounds 

The meaning of 6n element and a compound: definition; method of naming; 

the structure of the at on; simple chemical reactions; reacting weights 
and atomic woights; rynholo, formulae!, equations, valency 

The gas laws; mcaourftr.eRt of gases; changing the volume, pressure or 
temperature of a gas r i’roblems on the application of the gas laws 

The ttolerule and detered nation of molecular weights 



Grade 12 



Chemistry 
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5. Oxygen 

Review the composition of air 

Experimental review of oxygen - preparation, properties, test, uses (e.g. 
oxy-acetylenc welding, oxygen masks, oxygen tents) 

6. hy drogen 

Experimental review and extension of work on hydrogen preparation from 
water and from acids, properties, test, uses (e.g. oxy-hydrogen tcrch, 
weather balloons, constituent of gaseous fuels, hydrogenation of fuels) 

7. Solutions 

Review and extend work on solutions to include: 

Comparisons of characteristics of solution? with those of mechanical mixtures 

Examples of solutions. These should be varied enough to show the existence 
of solutions in different physical states: e.g, air, including water vapour; 

lowwnelting alloys; gold and copper alloys; oil or grease in carbon tetra- 
chloride; DDT in kerosene; carbonated beverages 

Meaning of terms: solvent, solute, solubility (relative and quantitative); 

saturated, unsaturated, and super-saturated solutions; solubility curve (to 
illustrate change of solubility with temperature). Factors which affect 
the rate of solution 



8. Acids, Bases, and Saits 

Experiments to show the combustion in oxygen of carbon, sulphur, and red 
phosphorus; the reaction of these oxides with water, and the effect of 
their solutions on litmus 



Acidic oxides — acid anhydrides: hydrochloric, nitric and sulphuric acids 

An experiment to show the combustion of magnesium in oxygen 
A demonstration of the combustion of sodium in oxygen 

The reaction of these metallic oxides with water, and the effect of their 
solutions on litmus, Basic oxides — basic anhydrides 

E>iscovery of further properties of acids (dilute) using (l) other indicators, 
(2) action on carbonates, ( 3 ) action on suitable metals (magnesium), (O 
taste as shown by soda water, vinegar, sour jiilk, etc. 

Discovery of the effect of base3 on the indicators used for acids 

Experiments to show the reaction between acids and bases; the products of 
the reaction (neutralization), water, and a salt which is left as a residue 
upon evaporation of the water 
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A brief discussion of the comnercial recovery and industrial importance 
of cormon salt (sodium chloride); a study of its properties; a study of 
the preparation and properties of hydrogen chloride and of hydrochloric 
acid 

9 • The Theory of the Ionization of Acids, Bases, and Salts 

A demonstration of the electrolysis of cupric chloride solution, with an 
explanation in terms of charged particles 

A discussion of the dissociation of cupric bromide, hydrogen chloride, when 
dissolved in water giving rise to electrically charged particles, called 
ions 

A discussion of the hydrogen ion as the characteristic ion of acids; of 
the properties of acids (taste, effect on litmus and other indicators, 
action on metals, etc.) as being due to hydrogen ions in the solutions 

A discussion of the dissociation of sodium hydroxide in solution 

A discussion of the hydroxyl ion as the characteristic ion of bases; the 
properties of bases (taste, effect on litmus and other indicator?, caustic 
action on animal and vegetable matter, e.g., textiles (merccrization of 
cotton), as being duo to hydroxyl ions in the solutions 

A discussion of neutralization as a quantitative reaction depending upon 
the removal cf hydrogen ions and hydroxyl ions to form water 

A brief discussion of the measurement of acidity in terms of hydrogen ion 
concentration 



♦How an atom becomes an ion 



♦The meaning and measurement of pH — the effect of pH on life and growth 
10 « Miscellaneous Topics 

Titration in control laboratories and ionization. Equilibrium and mass 
action — reversible and complete hydrolysis, illustrated by copper bromide 

An experiment to show comercial electroplating 

The electrolysis of a sodium chloride solution and the recognition of the 
products 

Refining of copper, silver and gold; production of chlorates and hydrogen 
peroxide 

Electric furnaces for graphite, silicon, carborundum, carbide, alundum, 
phosphorus, carbon disulphide 

11. Combustion and Fuels 




Experiments to show that certain mixtures of gasoline or acetylene and 
air give complete combustion, and that others give incomplete combustion 

A discussion of complete and incomplete combustion of hydrocarbons 
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Review the formation of carbon monoxide in the automobile engine, and 
during the combustion of coal or coke 

Experiments to illustrate the complete and incomplete combustion of 
acetylene 

The use of the oxy->acetylene flame for welding, with special reference to 
the correct mixture of oxygen and acetylene 

Repeat the experiment to show the burning of iron in oxygen 

The use of the oxy-acetylene flame for cutting, with special reference to 
the correct mixture of oxygen and acetylene 

Review of the structure of the Bunsen burner and its flame 

A discussion of the complete and incomplete combustion of natural gas or 
coal gas 

A review of explosive mixtures with special reference to the "striking- 
back" of the flame of the Bunsen burner 

A study of the oxidizing and the reducing zones of the gas flame 

A discussion of the world locations of petroleum oil, and the methods and 
channels of distribution, with specific reference to the requirements of 
the British Commonwealth 

Experiments to illustrate (l) the distillation of water, and (2) the 
fractional of a vater-alcohol solution 

A discussion of the principles of fractional distillation and cracking in 
petroleum refining 

A brief discussion of types and grades of motor fuels; octane numbers 
A recall of lubrication and lubricants, Crade 10 

An examination of other petroleum products, ‘with a brief outline of their 
uses 

A brief discussion of other fuels such as coal, industrial gases 




12 « Limestone 

The composition, properties and uses of limestone 

In experimental study of the preparation an! properties of quicklime; the 
kinds of quicklime 

An experimental study of the preparation and properties of staked (hydrated) 
line; the action of carbon dioxide on slaked lime 

An experiment to show the preparation of lime-sand mortar, its initial set, 
and final hardening. Other uses of elaked lime 
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13# Gypsum 

The composition, properties and uses of gypsum 
Experiments to show: 

(a) the action of heat on hydrate such as blue vitriol, and the action 
of water on the ejnhydrous residue 

(b) the conversion of gypsum into plaster of paris 

(c) the effect of the addition of water to plaster of paris 

A discussion of other gypsum products such as wallboard, gypsum blocks, 
and acoustic materials 

14. Cement and Concrete 

A study of the composition, properties and manufacture of cement 

An experiment to study the initial set and final hardening of cement 

A study of the composition and function of the components of concrete, 
effect of impurities, moisture, temperature, mixing, and the strength of 
the mix 

X comparison of the setting of concrete with that of lime-sand mortar 

How to determine quantities for concrete. The uses of concreto 

Recall the expansion of water on freezing, and its application to the 
disintegration of concrete 

Recall the action of carbonic acid on limestone, and discuss the similar 
disintegrating action on the calcium salts in concrete 

15 . V^od 

A brief discussion of the chemical composition of wood 
Experiments to show: 

(a) the effect of heat on wood at various temperatures; the meaning of 
kindling temperature; wood as a fire hazard 

(b) the protection of wcod against fire by covering the wood with fire- 
proof coatings as sodium silicate. Other protective coatings: plaster, 

asbestos, fire-resistant paints, impregnation of the wood with chemicals 
such as ammonium phosphate, ammonium sulphate f or borax. The function 
of these ncn-combuetible chemicals in diluting the comtustile gases 
given off hy the hot wood 

(c) the open-t&nl: process and the Kyanizing process for the preservative 
treatment of wood; method s employed for impregnating wood with pre- 
servative? 




272 



- 273 - 



Brief discussion on: 

(a) fungus decay of vood and the conditions necessary for the development 
of fungi in wood 

(b) kiln drying for the preservation and seasoning of wood 

(c) the application of paint, varnish and lacquer to the preservation of 
wood; an experiment to compare the effect of air on a thin film of 
linseed oil and of mineral oil 

16. Metals 

A brief studj of the properties and industrial application of metals such 
as aluminum, .magnesium, lead, tin, zinc, copper, nickel, beryllium, cadmium 

17. ^Organic Chemistr y 

A brief study of straight -chain and ring-structure, alcohols, acids, esters, 
acetone, solvents, formaldehyde, other 

IS. The Halogens 

A brief study of the halogens to show that all chemical elements can be 
arranged in family groups, the members of which are closely related* This 
can be combin<xi with a study of the Periodic Table 

19. Fo r Students of Electronics 

*A discussion on radio-active metals and materials leading up to nuclear 
fission 
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